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PREFACE 


Much of the matter included in this volume has been compiled 
and written by the author in his capacity as Consulting Scientific 
Editor for various technical and trade journals, and has hitherto been 
scattei^ed in various issues of these journals over a period of some 
fifteen years. Many requests for back numbers containing this or that 
article, togetlier with the advice or suggestions of scientific acquaint- 
ances and clients, have prompted him to assemble, revise and publish 
the articles in one compact reference manual. 

The author has always attempted to give the latest, fairly complete 
science of the subject under consideration in language sufficiently sim- 
ple to be understood by any intelligent layman, as well as by chemists 
and food law attorneys; and to indicate or interpret for the guidance 
of chemists, attorneys, manufacturers and dealers the significance of 
the chemical facts and compiled data with reference to food inspection 
laws, regulations and, particularly, food standards. 

Practically all data on the composition of various food products 
were determined by the ^^Official & Tentative Methods of Analysis of 
the A. 0. A. C.'^, specified in Regulation No. 4 of the ''Rules & Regu- 
lations for the Enforcement of the Food & Drugs AcE^ (Circular No. 
21 of the Office of the Secretary of the United States Department of 
Agriculture) ; and on commercial and laboratory-made products of 
known purity, the data in the various chemical journals and Federal, 
State and Canadian food inspection reports were used. Thus, from 
various official Canadian reports the data on practically all the 
well-known brands of English jams and marmalades were obtained, 
and from the many and exhaustive reports of the United States Bureau 
of Chemistry and the Connecticut State Experiment Station, many 
valuable data, little known to the average chemist and layman, were 
obtained. 

The author has been connected with food inspection work for 
nearly thirty years, as an official chemist in active state inspection 
work and as an analytical and consulting expert for the food industry, 
and has prepared the evidence and furnished expert testimony in 
more than four hundred court cases and hearings involving some 
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PREFACE 


ninety different food and drug products. The need of !iccurnl(% 
modern data on samples of known purity in connection with (he int(‘r- 
pretation of food inspection laws, regulations and stanclards was very 
early forced upon himj likewise the need of explaining iniiic.ate 
chemical and biological facts in the simplest language posKihh'. 

An occasional repetition of a statement or standard will lie not iced 
in the text, in Chapter III, mainly. This is necessary as eerlain 
readers will be interested only in that portion of the (ex( dealing with 
their own particular manufactured product. 

R. 0. IVROOKS. 

New York City, 

August 1, 1927. 
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CRITICAL STUDIES IN THE 
LEGAL CHEMISTRY 
OF FOODS 

Chapter L 

The Legal Chemistry of Fruits and Fruit Products.* 

Just why, in the economy of nature, various trees, bushes and 
vines should surround the seeds resulting from their reproductive 
efforts with a (sclluhir pulpy mass of water, fiber, sugars, pectin com- 
pounds, fruit acids, tannin and mineral salts, is not fully known. The 
most probable explanation is that by drying and slow decomposition 
afterwards, the pulpy mass protects the seed from sinking into the 
ground and germinating until climatic and other conditions are favor- 
able, as in the spring. 

By cultivation, breeding and cross-breeding man has so increased 
the size, quality and number of these seed-carriers that they consti- 
tute one of our most important sources of food and also one of the 
most acceptable from a gastronomic standpoint. They were, of course, 
the first vegetable foods of prehistoric man, the cultivation of cereals 
and tubers developing later. 

In shape, nearly all fruits are a modification of the sphere, indicat- 
ing an outward growth of pulp cells in all directions, the external cellu- 
lar matter having the power of forming a more or less hardened coating 
or skin. In the case of certain fruits the seeds are more or less com- 
pletely embedded in the exterior surface, but in the majority of cases 
the seeds are in an inner hardened case or series of cases, as in the 
peach and apple, for instances. 

In view of the fact that practically every fresh fruit is largely com- 
posed of water (ranging from 60 to 90 percent), it is evident that a 
cellular structure is indispensable to preserve form and more or less 
rigidity. These colls are usually minute and multitudinous in all fruits 
and the cell-walls are composed largely of insoluble cellulose, lignin 

* Originally published in ThQ Fruit FroduoU Journal and American Vinegar In- 
dmtry, Oct, 192E, ei 
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and related substances known as pecto-celliiloses. When the ccdl-wall 
substances ferment (as in fermented pomace for example) slimy, 
gummy substances (pentosans, galactans, etc.) are foimcd fiom the 
original constituents and it becomes possible to rupture a larger pro- 
portion of fruit cells and obtain a larger proportion of a juice on 
pressing. This juice, however, is abnormal in eomi)()sili()n and not 
as acceptable for various purposes as the juice from fresh, unfermentc'd 
fruit. 

Rotting is the result of a series of putrefactive fermentations, 
whereby the cell-wall material is completely decomposed and ilu^ 
contents of the cells likewise, resulting in a soft, usually dark-colore<l, 
ill-tasting spot. The fermentations causing rot may be due to micro- 
organisms (molds, bacteria and yeasts) gaining entrance through some 
abrasion or insect puncture, or in some cases rotting is apparcadly 
caused by ferments (enzymes) naturally present in tlie fruit itself. 

Cold storage causes a temperature unfavorable for the growtli of 
microorganisms or the rapid action of naturally present enzymt'S. The 
changes taking place in a fruit during ripening arc largely due to 
action of enzymes, which convert the earlier formed starcli, etc., into 
sugars (sucrose, or ordinary sugar, dextrose and levulose, known ns 
reducing sugars), gums (pectins) and esters which give the flavor 
characteristic of a given fruit. 

Experiments have shown that a definite respiration is progrc'ssing 
meanwhile, which continues while the fruit is in storage. Those in- 
terested in the details of this respiration should consult Bulletin 94 
of the Bureau of Chemistry of the U. S. Department of Agriculture. 
Here a large amount of data are reported on the ripening and ‘d)reath- 
ing” of apples and a quite complete resume is given of other inve^stiga- 
tions on the changes taking place during the ripening and storage of 
various fruits. 

These changes, like any other series of chemical action, involve 
variations in temperature and thus we have an explanation of tlic 
heating and spoilage of fruits in unventilated storage and transit and 
the “sweating’^ of fruits in other cases. In general it can be sliown that 
most fruits are in a continual state of change until cooking has de- 
stroyed all life activities and sterilization has prevented action due 
to microorganisms in the dead tissues and juices. 

The ^Tipening point” may be considered as that point where the 
sugar content reaches the maximum. In the apple this occurs just 
about the time the last traces of starch disappear, although the rela- 
tive proportions of the various sugars present continue to change dur- 
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ing Htoi'agc, to tlie cnluineciincnt of the fruit juice, cider and vinegar- 
iiuiking value of the apples. 

(Considerable investigation of the various changes occurring during 
the ripening of citrus fruits (oranges and grapefruit particularly) has 
been carried on under the direction of Dr. R. E. Rose, State Chemist 
of Florida. This was begun because of the custom of picking green 
oranges, causing them to turn yellow by a “sweating” process, and 
then selling them, although far from ripe. On aceount of the nature 
and distant source of the banana, this selling of an unnaturally yellow, 
half-ripe fruit may bo necessary, but with the orange and grape- 
fruit it is not necessary. 

The results of the investigation showed that the lowest ratio of 
sugars (as invert stigar) to fruit acid (citric acid) consistent with an 
acceptable degree of maturity, was seven to one, i.e., that an orange 
or grapefruit should contain at least seven times as much total sugar 
(as invert sugar) as it contaiiK'd of acid (as citric acid). In addition 
it was recommended that state standards be fixed that would prevent 
tlic shi])mcnt of all oranges showing more than 1.3 percent of total 
acid (as crystallized citric acid) and 1.75 percent for grapefruit. In 
the case of oranges, color was not found to be of deciding value in 
judging the ripeness of the fruit. Green-colored fruit w^as sometimes 
found to be ripe for picking and shipment, yellow fruit was frequently 
found to be unripe. 

The cell-wall material of fruits, as said above, is largely composed 
of insoluble cellulose and related substances, and after all juice has 
been pressed out and any remaining soluble matters leached out it 
constitutes the “marc” or “insoluble solids” of the fruit or fruit 
product. 

In the case of the apple this marc, constituting about 2 percent of 
the whole apple, is about one-half pure cellulose. The analytical item 
known as “crude fiber” is mainly cellulose. The cell-wall material, 
small as is the proportion in the whole fruit, is so built up into myriad 
cells as to hold nearly all the remaining substances in the fruit as a 
watery solution, or in some cases (olive for instance) as an oil-water 
emulsion. 

The chief constituents of interest and commercial value which 
are dissolved in the water of a ripe fruit are the three sugars mentioned 
above as derived largely from fruit starch during ripening, the fruit 
acids (which vary in different fruits) and the pectin or jelly-forming 
substance. Much work has recently been done on the commercial 
utilization of pectin substances; several trade forms of “pectin” are 
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being sold to the public and preserving trade for jelly making,, etc., 
with considerable success, in cases of making a jelly from fruit juices 
deficient in pectin, or obtaining a stiff jelly with a minimum of any 
fruit juice. The chemistry of pectin is still obscure, but some very 
good investigations have been carried out recently on the degree of 
fruit acid concentration (in terms of hydrogen-ion concentration) , and 
the percentage of sugar and pectin necessary to get best results in 
legitimate jelly making. A number of these are referred to elsewhere. 

As to the legality of added pectin, the U. S. Bureau of Chemistry 
announces in Service and Regulatory Announcement, Chemistry 27, 
Item 370, that ^fin the preparation of jellies and similar products from 
fruits deficient in pectin, no objection is made to the addition of pec- 
tin in small quantities when such addition does not serve to conceal 
damage or inferiority, provided the presence of added pectin is de- 
clared on the label, and provided further that the pectin has been 
prepared from clean and sound material. The employment of sub- 
stantial amounts of fruit or fruit juices is assumed.” 

Inasmuch as the use of commercial pectin has given rise to a class 
of deceptively labeled products containing little or no fruit juice, it 
is further announced that ^'A food product sold under the name 'jelly' 
unqualified, or qualified by a fruit name, or not distinctly qualified 
to show that it is not a fruit product, should contain fruit juice in 
substantial quantities. Products made from sugar and commercial 
pectin with natural or artificial fruit flavors and colored to simulate 
fruit jellies are regarded by the bureau as imitation jellies, which the 
law requires to be labeled with the word 'imitation' together with a 
statement plainly indicating them to be imitations, such as a declara- 
tion of the ingredients.” 

The fruit acids found in different fruits are as follows: i-malic 
acid in the apple (from 0.1 percent in "Sweet Bough” to 1.11 percent 
in Red Astrachan'), and in cherries, gooseberries, apricots, quinces 
and peaches; citric acid in oranges, lemons (about 7 percent), grape- 
fruit, strawberries (one-tenth of acid is malic), raspberries, pineap- 
ples (one-eighth of acid is malic), currants, blackberries, cranberries 
(also contain benzoic acid), huckleberries, gooseberries, pears and to- 
matoes; tartaric acid and salts of same in grapes; and succinic acid in 
certain unripe fruits. All of these acids are white crystalline soluble 
substances, intensely sour, and the sweetness of a fruit depends entirely 
upon how much of the fruit acid is dissolved in the juices in the cells 
and not on the percentage of sugar present. Many intensely sour fruits 
contain more sugar than those containing less fruit acid and therefore 
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tiisUng swccicr. '■J'he, Concord grape contains both malic (60 percent) 
iind tartaric (40 p(!r(H'nt,) acids. 

Tannin or “(aniiici ac.id” is an interesting constituent of fruits, 
being the cause of the puckt'ring effect on the mouth membranes pro- 
duced by crab-apples, (juinces, persimmons, etc. In the manufacture 
of high grade apple (uders, as in France and Germany, much atten- 
tion is i)aid to ifit; tannin content, as high as 1 percent being tolerated 
and at least 0.3 jic'ccent demanded in the apples used. The bittersweet 
taste of French cider apples is due to tannin and proportions of 
sugars running as high as 26 percent in some varieties. 

The rapid browning of fruit llcsh (apple, for instance) after the con- 
tents of the ctdls have been exposed to the air by crushing or cutting 
is due to the oxidation of tannin by the enzyme oxidase (present in 
the fruit) in the iiresence of oxygen of tlie air. In evaporated fruits 
this is prevented by exiiosing to fumes of burning sulfur, which inci- 
dcmtally, acting as a preservative also, allows considerably more water 
1.0 be sold than would be possil)le in old style dried fruits. Tannin, in 
brown bruiscul places in rii)cning fruits, will prevent the conversion 
of starch into sugars, also. 

The fatty oil, found in small proportion in certain fruits, is usually 
a constituent of the seeds and tliis is also true of the nitrogenous sub- 
stances (\-agui‘ly reported as “protein”)- In the olive, the fatty oil 
is in an emulsion form in the flesh surrounding the seed. 

The flavor of fruit.s is due to minute proi)ortions of complex mix- 
tures of csterH, !ddehyd(!s and aromatic or terpene alcohols, ketones 
and hydrocarbons. Power and Chestnut have analyzed the flavoring 
oil of the apple (mainly in the skin) and reconstructed an apple flavor- 
ing oil of very satisfactory quality, c,omj)osed of iso-amyl formate, 
acteta((!, capninle and caprylatc; geranyl formate and acetate; 
geraniol and acetaldehyde. They have also analyzed the flavoring 
substances of peaches, while oil of orange, lemon and the flavoring 
substances of grapes (methyl anthranilatc especially) are fairly well 
known chemic.ally. 

The mineral salts present in fruits have not been separated as such 
to any great extent, although very complete analyses of the mineral 
residue (“ash”) left on burning fruits and fruit juices have been made, 
showing nearly always alkaline carbonates, phosphates, and other 
simple salts rcHull.itig from the diuromjxjsition of more complex mineral 
salts, etc., in the fruit itself, during burning. In the “ash” of the apple, 
for instance, about 68 percent of potassium carbonate and 22 percent 
of pota.sKium and magnesium phosphates is found. The alkalinity of 
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tli6 and othsr data on it aro of considerable value in judging 

the purity of various fruit products. 

Feesh and Dried Fruits 

In the Federal Food Standards (Food Inspection Decision 203, 
Office of Secretary, U. S. Dept, of Agriculture) , fruits arc defined as 
the “clean, sound, edible, fleshy fructifications of plants, characterized 
by their sweet, acid and/or ethereal flavors . . . Fresh fruit is fruit 
which has undergone no material change other than ripening since 
the time of gathering. . . . Dried fruit is the clean, sound product re- 
sulting from the evaporation of the greater part of the water from 
properly prepared fresh fruit. . . . The term ‘sundried’ is commonly 
used to designate the product dried without the use of artificial heat. 
The terms ‘evaporated’ and ‘dehydrated’ are commonly used to desig- 
nate the product dried by the use of artificial heat.” 

Only a few of the fruits are legally standardized as yet, although 
quite a number of fruit products are. There are three Federal Food 
Inspection Decisions to date dealing with citrus fruits (Nos. 133, 150 
and 182) , in which standards or certain prohibitions are given. Food 
Inspection Decision 133 deals with the artificial coloring (by “sweat- 
ing” or other methods) of immature oranges and it is pointed out that 
such oranges do not change in sugar or fruit acid content after pick- 
ing, but would ripen properly if left on the tree. Further there is 
stated to be evidence that such immature oranges are apt to cause 
serious disturbances of the digestive system, especially in children, 
and it is the opinion of the officials in charge of food inspection work 
that such oranges are “colored in a manner whereby inferiority is 
concealed and are, therefore, adulterated.” 

Food Inspection Decision 182 definitely fixed certain standards for 
oranges and grapefruits, as follows: — “Oranges (common, sweet or 
round) are the sound, mature fruit of Citrus sinensis, Osbeck. The 
juice of the mature fruit contains not less than eight (8) parts of 
soluble solids to each part of acid, calculated as citric acid without 
water of crystallization. Grapefruit, pomelo, is the sound, mature 
fruit of Citrus grandis, Osbeck. The juice of the mature fruit con- 
tams not less than seven (7) parts of soluble solids to each part of 
acid calculated as citric acid without water of crystallization.” * 

Food Inspection Decision 150 dealt with frozen citrus fruits. Such 

melon^L^dToneidew indices of cantaloupes, water- 
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fruit is iiijurt'd in Iluvor by freezing or frost and soon becomes dry 
and unlit for food, a bitter taste developing and a decrease in sugar 
and fruit acid rc'sulting. 'J'he Decision liolds that such fruit is “in- 
ferior and decomposed witliin the meaning of the Food and Drug 
A<!t.” lducl» fruit will be regarded as adulterated “if the contents of 
any package found in interstate commerce contains 15 percent or 
more of eit.rus fruit which, on a transverse section through the center, 
shows a marked drying in 20 percent or more of the exposed pulp.” 

These oHic.ial regulations give us a little idea of how such simple 
natural food products as whole fruits arc liable to official standardiza- 
tion for various purpo.ses. In Service and Regulatory Announcement 
No. 21 of the, Bunam of Clhemistry we have other regulations. Thus 
the term “Crab Apple” must not be applied to ordinary apple products 
(apple juic(^ or cid('r) ; fruits that are sold as “peeled” (peeled peaches) 
must have the. skin coniidctclti removed. 

It is held immaterial whether the peeling is done by cutting or by 
the use of lye or other chemicals, provided that the product “is not 
changed in comiiosition or properties by the operation, as might result, 
for example, by insidlicicmt, washing after lye peeling.” Another regu- 
lation re((uires that, the label state if grated pineapple contain any 
cortiH or trimmings, the latUn- being indicated by the presence of por- 
tions of the “ey('s” and liorny skin leading inward to tlie “eye.” 

The geographicndly incorrect labeling of fruit comes under food 
law control. 'I'lius California ligs, even though grown from Smyrna 
stock, must not be sold !is Smyrna figs. A number of regulations deal 
with weights of solid fruit when packed with water or syrups in cans. 

Dtdinito standards for certain dried fruits are in force or in prepa- 
ration. The legal standard for “Kvaporahul Apples” specifies same to 
l)e “made from [leeled, cored and sliced apples, and to contain not more 
than twenty-four (24) iiercent of moisture, as determined by the 
offudal metliod of the Association of Official Agricultural Chemists.” 
“Canned fruit” is defined as the “clean, sound product made from 
proi)erly prei)ured fresh fruit, with or without water and/or sugar 
(sucroHCi), (a) by proc(!ssing in a suitable hermetically sealed container, 
or (b) by lieating and packing in a suitable container which is tlien 
hernuiticcdly sealed.” 

“Cold-pack” fruit is defined as “the clean, sound product obtained 
by packing, in a suitable container, properly prepared fresh fruit, with 
or without the addition of sugar (sucrose), and maintaining it at a 
temperature .‘<uffic.ieTd.ly low to insure its preservation.” 

The analyses shown in Table 1, although not pretending to repre- 
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Table 1. Composition of Various Fruits. 


Fruit 

Total 

Insoluble 

Solids 

Solids 

Ash 

Apples 

Almimum 

9.35 

1.80 

0.17 

Maximum 

. 23.3(5 

2.75 

0.40 

Apricots 

Minimum 

. 12.75 

4.82 

0.45 

Maximum 

. 18.75 

7.76 

0.82 

Bananas 

Minimum 

. 21.60 

2.23 

0.70 

Maximum 

. 34.55 

4.52 

1.10 

Blackberries 

Minimum 

. 12.06 

4.72 

0.45 

Maximum 

. 16.42 

9.06 

0.82 

Cherries 

Minimum 

. 12.64 

2.04 

0.38 

Maximum ... 

. 22.30 

6.25 

0.73 

Currants 

Minimum 

. 12.97 

.... 

0.60 

Maximum 

. 15.23 

6.90 

0.72 

Figs 

Minimum 

. 11.46 


0.36 

Maximum 

. 38.84 


1.16 

Grapes 

Minimum 

, 12.82 


0.38 

Maximum 

,• 22;29 


0.59 

Grapefruit 

Minimum 

9.94 

1.17 

0.39 

Maximum 

13.29 

2.70 

0.46 

Guava 

Minimum 

19.61 

11.75 

0.63 

Maximum 

22.14 

15.21 

0.84 

Lemons 

Minimum 

14.37 

2.43 

0.61 

Maximum 

15.23 

2.98 

0.98 

Limes 

Minimum 

14.77 

3.82 

0.67 

Maximum 

Mamey Colorado 

14.84 

3.97 

0.98 

Minimum 

29.24 


0.80 

Maximum 34.01 

Mamey Santo Domingo 

6.55 

0.89 

Minimum 

14.12 

4.49 

0.31 

Maximum ....... 

15.74 

0..38 

Mango 

Minimum 

10.23 

0.82 

0.35 

Maximum 

Oranges 

21,72 

3.70 

0.78 

Minimum 

11.38 

0.56 

0.35 

Maximum 

14.81 

2.70 

0.57 

Peaches 

Minimum 

14.24 


0,44 

Maximum 

16,60 


0.79 

Pears 

Minimum 

16.77 

2.98 

0.31 

Maximum 

20.12 

4.85 

0.45 

Persimmons (Japan) 

Minimum 

18.52 

3.45 

0.39 

Maximum 

25.06 

5.29 

0.49 

Pineapples 

Minimum 

10.78 

1.02 

0.27 

Maximum 

18.86 

1.83 

0.55 

Plums 

Minimum 

15.14 

5.05 

0.52 

Maximum 

Kaspberries 

21.60 

8.12 

0.61 

Minimum 

13.16 

6.62 

0.49 

Maximum 

18.79 

8.59 

0.77 

Sapota 

Minimum 

21.01 

8.39 

0.38 

Maximum 

Strawberries 

25.47 

9.90 

0.56 

Minimum 

6.85 

2.57 

0..37 

Maximum 

12.38 

3.01 

0.81 

* Includes the pits. 


Acidity Ordinary Bcducing Crud 
(as B 2 SO 4 ) Sugar Sugar Fibt 

- Percent — — 


0.07 

0.15 

5.34 

0.7( 

0.86 

7.75 

11.75 

1.94 

0.56 

0.80 

4.69 


1.09 

6,25 

9.92 

‘5.2^ 

0.17 

4.99 

3.16 


0.43 

16.20 

17.70 


0.55 

None 

4.44 


0.86 

0.50 

4.74 

V.i'i 

0.33 

None 

6.84 

0,62 

1.63 

0.30 

13.32 

' 6.07 

1.57 

None 

3.44 

3 22 

1.62 

None 

6.38 

5.’57 

0.07 

0.29 

Total Sugars 
8.00 

20.99 


0.25 

1.23 

6.56 


0.40 

10.67 

14.92 

.... 

0'.54 

3.11 

1.69 


0.59 

4.77 

3.12 

— 

0.37 

0.16 

2.84 


0.64 

0.91 

6.07 


4.42 

0.99 

1.28 


5.50 

1.22 

2.98 

.... 

4.80 

None 

0.34 


5.52 

0.16 

0.42 

.... 

0.07 

0.29 

5.20 


0.10 

16.85 

20.78 

.... 

0.39 

5.49 

2.50 


0.42 

5.64 

3.92 


0.09 

7.19 

1.72 


0'.39 

11.99 

6,14 


0.16 

None 

3,15 


2.02 

6.75 

10.33 


0.42 

0.87 

2.10 


0.48 

6.30 

5.60 


0.02 

4.36 

8.26 

2.77 

0.21 


9.00 

4.30 

Tannin 

0.13 

0.04 

14.52 


1.54 

0.34 

17.76 


Acidity 

0.30 

2.98 

1.76 


0.85 

10.48 

9.75 


0.60 

3.56 

2.50 

4.34 

1.25 


9.40 

0.37 

None 

8.52 


1.11 

0.83 

6,59 

5.90 

0,07 

0.08 

7.34 


0.20 

2.54 

14.50 

* . . . 

0.67 

0.02 

2.72 

1.03 

1.18 

1.16 

6.71 

2.26 
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«'»(. iill coinitilt'd (lata on dilTomit, varieties of fruits, will give a 
g<'iu‘i-al idea of how different fruits a,nulyzc, how the water, sugar and 
Iruit acid eonieid vary. Kor eouvonionce in making comparisons 
the ueidily is a,rhitrarily calculated in tornis of sulfuric acid, although, 
ol courst' no Iruii, actually contains any frese sulfuric acid.* 

As illustrating the changes taking ])hice upon drying fruits, the 
data on ('vaiiondeil appk's shown in Table 2 arc of interest. 


'I'alilc 2. Anid,VH(v‘< of I'lvaporated Apples. 


Moistun* 

soliti.M 



licdtUMUK NUgarH ...... 

Aditlify (art lualic neid) 

I'otal a.sh 

Hdlid.s ....... 


Percent 


Minimum 

Maxinmyn 

9.35 

28.88 

71.12 

90.65 

15.31 

22.72 

29.92 

42,84 

3.75 

4.10 

1.07 

1.74 

7.54 

15.24 


'I'he sainph! showing Init 9.35 percent moisture was a dark colored, 
hoiiKxlricd product, and it shows, as coiuitared with the other data, 
how the <-onuuercial sulfuring process allows much more water to be 
sold ns dri(*d apiih; ih'sli on account of the ])rcscrvativc qualities of 
the sulfurous acid coining from the burning sulfur used to prevent 
darkouiiig of the apple slices. 

Food Ins|H'ction Decision 7(), which regulates the use of preserva- 
tives Hud dyes hi foods, stales that no prosecution will be instituted 
“in tlie CHse of the application of fumes of burning sulfur (sulfur diox- 
ide), ns usually employed in the manufacture of those foods and food 
producls which contain acclaiddiydc, sugars, etc., with which sulfurous 
acid may comhinc, if the total amount of sulfur dioxide in the finished 
product docs not t^xced 350 milligrams per kilogram (in solid prod- 
ucts), of which not over 70 milligrams is in a free state.” 

Tlie sulfuring process is in practically universal use for drying 
sliced iipiiles and is also used more or loss with apricots, prunes, 
raisins and other fruits. The result is that we have “dried fruits” 
being sold which are not fully dry, fruits containing as close to the 
legalized limits for moisture as can be guessed at by the operators 
of drying plants, and fruits which on standing continue to lose 
appreeiable proporlions of moisture, according to the condition of 
the air, especially its dryness. It also stands to reason that fruits 
(smiainiiig close to the legal maximum of moisture will, under suit- 
able humid conditions, begin to take up more moisture, soon becom- 
Hilt page 12 for aoltli actually preacut, 



18 


THE LEGAL CHEMISTRY OF FOODS 


ing an illegal product, (excess of 24 percent apple moisture) and, unless 
the sulfur dioxide remaining therein be dangerously near to or in 
excess of the proportions allowed in Food Inspection Decision No. 
76, will begin to get moldy and show evidences of decay. Quite a 
few shipments of decayed dried fruit have been seized anti con- 
demned to destruction during the operation of food law inspection, 
especially Federal inspection. 

Also when trying to pul out “dried fruits” as close to the legal 
moisture maximum as possible, it happens frequently that the maxi- 
mum is exceeded and a food inspection prosecution is then war- 
ranted, even for the slightest excess of moisture the food inspection 
chemist is sure of. The legal maximum (or minimum) tolerance in 
a food standard is a scientifically-legally generous limit to accommo- 
date an exceptional, probably abnormal case, but much too often has 
it been seized upon by the trade as a “selling standard,” witness the 
cases of milk fat in milk, milk solids in evaporated milks, acidity in 
vinegar and moisture in dried apples. If the trade persists in this 
unforseen practice, they will have to install much more exact and 
scientifically checked-up (by chemical analysis) methods of manu- 
facture, or else risk prosecution, as the maxima and minima in food 
standards were never intended as “selling standards,” and if the 
official chemist is sure of his figures, then a prosecution is warranted 
for the slightest digression. This does not seem to be realized by 
many in the trade circles. The “selling standard” should be nearer 
to the normal average, not some generous legal minimum or maxi- 
mum tolerance. 

As to further losses in the moisture content of dried fruits on stand- 
ing, the Connecticut State Experiment Station at New Haven pub- 
lished considerable data in its 1912 report which are of interest to 
give here and of interest also in connection with statements of net 
weights on packages of dried fruits, as required under the Federal 
Food Laws. Packing close .to a pet weight declaration, of a product 
which is liable to lose moisture on account of insufficient drying, is 
running a legal risk, or at least the embarrassment of having to prove 
the net weight at time of packing. 

In the Connecticut State Experiment Station study of moisture 
losses in dried fruits, one hundred and two samples were examined. 
For a full discussion of the results one should consult Bulletin 172 
of that station. It was undertaken primarily to study the variations 
in the weight of dried fruits sold in package form and the losses in 
weight of those packages after keeping for several months. 
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In the twelve samples of dried or “evaporated” apples examined, 
two-thirds of them were labeled “sulfured,” although in most of 
them the sulfur had disappeared during storage. Fifty percent of 
the samples showed some decay, due probably to excess of moisture 
in the absence of sufi&cient sulfur-compound to exert a preservative 
action. Packages marked as containing one pound when packed 
showed from 14 to 15 ounces when purchased and after seventy to 
eighty-live days storage these figures had dropped to about 13 ounces. 
Thus we have losses of three or more ounces out of an original 16 
ounces or approximately 19 percent! Some samples of originally 16 
ounces had lost 6 ounces in similar storage periods, or approxi- 
mately 38 percent! 

Probably most of these were short weight to start with, but one 
can readily see the risks involved in insufficient drying, in trying 
to sell too close to a legal maximum tolerance of 24 percent moisture. 
During an average storage period of about 75 days in the Experi- 
ment Station, the average loss on all samples examined was about 
2 ounces or about 12.5 percent. In no brand was this supplementary 
storage loss less than half an ounce and in this case it is evident 
that much loss of moisture had already taken place preceding pur- 
chase, as the net weight was only 11 ounces. 

In apricots, sulfur bleaching had also been practiced and the final 
weights, after an average supplementary storage fleriod of 70 days, 
ranged from 12.7 ounces to 13.6 ounces, showing average losses of 
2 ounces during said storage. One of the apricot samples was in 
bad condition, showing decay, live worms and insect casts. 

All but two of the eighteen samples of dried currants were labeled 
as being cleaned or washed. Currants are not bleached with sulfur 
and therefore a more thorough drying is necessary, as the preserva- 
tive properties of the sulfur cannot be figured upon. The average 
storage period (after purchase) was about 75 days and the average 
loss only about one ounce. One sample in fact was sufficiently dry 
originally to have taken up moisture (over 2 ounces increase) . This 
shows that the storage atmosphere at the Station was not especially 
dry, and that the “dried fruits” kept there were not subjected to any 
unusual storage conditions. The two samples not marked as “cleaned” 
showed high percentages of “acid-insoluble ash,” which would be a 
measure of adhering dirt or sand. Properly cleaned dried currants 
should not show much over 0.25 percent acid-insoluble ash. 

Eight samples of dates were kept in storage between 133 and 144 
days. Here is another fruit not dried with sulfur fumes and evi- 
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dently sufficiently dry when packed to have lost little moisture. The 
average loss in the average 140 days’ Station storage period was about 
one ounce, or about 6 percent on a 16 ounce basis at time of purchase. 

Figs are practically always ^'prepared” or rendered soft and moist 
with a glucose or sugar solution, hence they are not really a “dried 
fruit” after such treatment, but rather a moistened fruit. Tlie losses 
on storage would be fairly large in a dry atmosphere, but in an 
ordinary moist atmosphere there would be an absorption of moisture 
due to the very sugary nature of the fruit. This refers to layer figs 
as prepared for dessert or confection purposes. The whole dried figs, 
imported in large quantities largely for grinding up into “fig i;)astc,” 
are usually quite dry and absorb rather than lose water. 

The Connecticut State Experiment data did not include dried 
peaches and pears. Some data from other sources show fresh commer- 
cial dried peaches to average about 22 percent moisture and pears of 
similar grade to average 23 percent moisture. Peaches and pears 
would act practically the same as apricots and apples (see above) 
in storage losses due to selling in so moist a condition. 

Prunes, excepting ''Ruby prunes,” are not sulfured, but tliere is a 
tendency to sell them moist so as to grade them as large as feasible. 
Samples kept for 133 to 150 days in storage at the Connecticut State 
Experiment Station showed further losses of about 2 ounces which if 
originally 16 ounces gave a final moisture loss of 3 to 5 ounces. An 
average of 4 ounces moisture loss would be a 25 percent loss of weight. 

Only one of thirty-two samples of raisins contained sulfur-com- 
pounds, this being a brand of Sultana raisins. Raisins are perforce 
well dried, therefore the moisture losses were' small. The supple- 
mentary storage period averaged about 80 days and the average loss 
about half an ounce, or about 3 percent. 

The housewife has plenty of water at her disposal and, if her wishes 
were consulted, would probably prefer buying fruit flesh rather than an 
excess of fruit water. The author can see no valid reason for a loss 
of more than 10 per cent on the original weight at the most, and in 
most products this loss could be kept lower with advantage to all 
most concerned. 

According to the method of estimating moisture used, there are 
unavoidable errors of 1.5 to 4 percent in the work of skilled analysts 
and when a fruit dryer tries to sell within one or two percent of a 
maximum legal tolerance he is courting trouble. The most approved 
method is drying in an efficient vacuum oven at 70° C. for twelve 
hours. Apples, however, will give practically the same result in 
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four hours in an ordinary oven at the temperature of boiling water. 
For the analysis of raisins and certain fruits particularly rich in sugars, 
the meat-chopper ground fruit should be mixed with about half its 
weight of finely divided asbestos, moistened and mixed well with 
distilled water, evaporated barely to dryness over a water-bath 
and then dried in the vacuum oven as in the analysis of the other 
fruits, after they have first been mixed and quickly ground up fine 
as practicable. 

Fruit Juices 

Fruit juices are obtained usually by pressure from grated or (in 
case of grapes and berries) whole fruit. Under the influence of pec- 
tin, provided the percent of sugar, water and particularly the correct 
degree of fruit acidity is maintained, the juice will ^'seF^ to form a 
firm jelly. The chemistry of the fruit jellies will be taken up later 
on. Here we will confine ourselves to the fruit juices, as beverages 
and as the basis of fruit syrups used in the soda fountain trade. 

Fresh fruit juices are frequently sold as such and legal standards 
arc being fixed for certain ones. They are also sold in concentrated 
form (syrup) and in carbonated form as “sparkling’^ fruit juices. 
Mixed with sugar they are used in large quantities as ^Truit syrups/' 
for the soda fountain trade. 

The fermented fruit juices constitute the wine industry, using the 
term wine in a broad sense. Thus fermented grape juices constitute 
the ordinary wines; fermented apple juices are called ciders or apple 
wines, constituting in certain parts of Europe an industry rivaling the 
grape wine industry; fermented pear juice is known as ^^perry”; in 
addition we have blackberry and currant wines, raisin wines from 
dried raisin grapes and more recently wines from the fermentation of 
orange and peach juices. 

In this discussion we shall not endeavor to take up these fermented 
products. It would serve only painfully to remind us of a happy past 
and how legislative bodies sometimes tear down a whole edifice in 
order to get rid of one or two objectionable occupants. From a scien- 
tific and medical standpoint there is a vast difference between a fer- 
mented beverage and a distilled alcoholic drink. One is a strictly 
natural product with a very low alcohol content, the other is an 
artificial product with a dangerously high alcohol content. Just now 
the dangerous drinks (imitation and true whiskies, gins, brandies and 
rum) are available and the harmless, innocent fermented beverages 
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not available. Thus runneth the usual course of fanatical “rcforincrs,” 
as distinguished from sane experts. _ _ 

The commonest fruit juice is, of course, apple juice, but grape juice 
is a close second and lime juice, orange juice and other fruit juices 
are increasing in importance as articles of commerce. 

The proposed standard for “fresh fruit juices” defines them as the 
“clean, unfermented liquid product obtained by the first pressing of 
fresh ripe fruit.” The standard for apple juice (“apple must”) defines 
it as the “fresh fruit juice obtained from apples, the fruit of Pyrm 
malus,” and fixes the following analytical limits: “specific gravity 
(20° C.) not less than 1.0415, nor greater than 1.069; contains in one 
hundred (100) cubic centimeters (20° C.) not less than six (6) grams 
and not more than twenty (20) grams of total sugars in terms of 
reducing sugars, not less than twenty-four (24) centigrams nor more 
than sixty (60) centigrams of apple ash, which contains not less than 
fifty (50) percent pf potassium carbonate.” 

The requirement in the proposed standard that the fruit shall be 
ripe is especially desirable in the case of the apple in order to avoid 
a slimy, turbid juice due to suspended apple starch, which, if the 
fruit were ripe, would have been converted into sugars. Ripe ai)ples 
and ripe fruits generally, excepting the banana, contain no starch. 
Other suspended gummy substances, etc., will cause fruit juices to be 
distinctly turbid. In the case of orange juice this turbidity is de- 
sired, but with apple juice it is now customary to filter so as to sell 
only a bright clear product, especially if sold in glass containers. 

Pasteurization, in glass containers, is apt to flatten the flavor of 
a fruit juice more or less. The choice of a more acid variety of the 
fruit in question will offset this to some degree. 

The amount of juice and particularly* the proportion of valuable 
sugars obtainable from the apple (and some other fruits as well) 
by means of the average press is seldom much over 50 percent of 
the amount contained in the apple. In eight varieties of thoroughly 
pressed summer apples the average proportion of the total sugars of 
the apples left therein was 47.1 percent and for eleven autumn varie- 
ties, 44.7 percent. In other words, nearly half of the total sugars 
in the apple are lost unless “second pressings” are utilized. 

Table 3 is not necessarily a complete compilation, but will show 
the general range in composition of different fruit juices. The acidity 
is expressed in terms of sulfuric acid, for convenience in comparing 
relative acidity, as the actual fruit acids themselves vary in nature 
according to the kind of fruit (see preceding paragraphs). 
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Table 3. Composition of Fruit Juices. 

Total Acidity Ordinary Reducing 

Solids Ash (as IJnSOi) Sugar Sugars 

Percent 


Apples’** 


Minimum 

10.16 

0.24 

0.07 

0.30 

4.67 

Maximum 

18.81 

0.41 

0.91 

7.05 

11.63 

Apricots 

Minimum 

10.75 

0.40 

0.70 

0.95 

4.75 

Maximum 

16.25 

0.62 

1.05 

6.50 

10.45 

Blackberries 

Minimum 

7.14 

0.35 

0.57 

none 

4.25 

Maximum 

8.94 

0.47 

1.48 

0.40 

8.60 

Cherries 

Minimum 

11.80 

0,38 

0.21 

none 

9.50 

Maximum 

19.65 

0.62 

1.46 

0.20 

13.40 

Currants 

Minimum 

6.71 

0.30 

1.07 

none 

4.61 

Maximum 

15.70 

0.76 

2.03 

none 

9.96 

Grapes 

Minimum 

11.51 

0.22 

0.23 

1.23 

6.67 

Maximum 

30.67 

0.70 

0.42 

10.67 

24.92 

Grapefruit 

Minimum 

8.03 

0.37 

0.59 

3.20 

1.75 

Maximum 

11.50 

0.44 

0.65 

4.90 

4.02 

Huckleberries 

Minimum 

10.02 

0.23 

0.35 

0.06 

6.42 

Maximum 

11.40 

0.32 

0.78 

0.34 

7.70 

Lemons 

Minimum 

8,05 

0.28 

4.61 

none 

1.66 

Maximum 

12.66 

0.44 

5.68 

1.32 

3.50 

Limes 

Minimum 

7.80 

0.26 

4.72 

none 

0.12 

Maximum 

9.10 

0.38 

5.80 

0.16 

0.40 

Loganberries 

Minimum 

8.70 

0.24 

0.80 

none 

4.34 

Maximum 

11.82 

0.62 

1.50 

0.35 

8.04 

Oranges 

Minimum 

10.38 

0.30 

0.25 

none 

2.90 

Maximum 

14.21 

0.52 

2.20 

5.30 

8.20 

Pcjiches 

Minimum 

12.00 

0.30 

0.42 

3.50 

2.01 

Maximum 

14.60 

0.58 

0.60 

7.15 

6.19 

Pineapples 

Minimum 

8.70 

024 

0.25 

1,45 

4.84 

Maximum 

14.00 

0.44 

0.48 

6.61 

11.00 

Quinces 

Minimum 

10.41 

0.30 

0.28 

none 

7.24 

Maximum 

12.14 

0.48 

0.61 

none 

8.90 

Easpberrics 

Minimum 

6.92 

0.34 

0.78 

none 

3.64 

Maximum 

12.63 

0.74 

1.12 

0.80 

8.60 

Strawberries 

Minimum 

6.01 

0.32 

0.58 

none 

2.59 

Maximum 

12.14 

0.60 

0.92 

0.40 

8.54 

* Not including French 

cider apples, which 

sometimes 

test as 

high as 


total sugars. 


Sugar-free 

Solids 


3.37 

4.36 

3.89 

4.41 

3.63 

4.56 

3.95 

9.40 

2.66 

7.50 

1.41 
6.13 


3.05 

3.70 


2.80 

4.00 


3.57 

3.78 


3.45 

5.59 

2.20 

3.98 

percent 
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By “second pressings’^ should be understood a product obtained by 
macerating the pomace (residue from first pressing) immediately 
with a small definite proportion of water and repressing. Such a 
product is usually almost as rich in sugars as a first pressing (Browne* 
reports 8.4 percent of sugars in an ordinary “second pressing”), and 
even though possibly not acceptable as a fruit juice the regulated use 
of same (especially when standardized) should be allowed in 
the manufacture of a legal apple vinegar, and the Federal standard 
for the so-called “cider” vinegar modified to provide for the same. 
The preferable strength vinegar for table purposes contains from 
4 to 4.5 percent acetic acid, and a second pressing, such as the 
above-mentioned one, would furnish an apple vinegar of this strength 
upon proper fermentation. 

At one time these “second pressings” were largely utilized by boil- 
ing down to form a “cider” jelly (“boiled cider”), which, mixed witli 
spirit vinegar or dilute acetic acid, was quite successfully used to ' 
adulterate or imitate genuine apple vinegar. The “cider jelly” can 
also be used for reinforcing compound and imitation jams and jellies. 
Browne reports 51.7 percent sugars in a sample of “cider jelly” made 
from “second pressings,” 44.5 percent being water. 

The successful marketing of a fresh fruit juice, such as apple, grape 
or lime juice, is an uncertain proposition. Of the three, grape juice 
appears to be most capable of being put on the market in sterile 
condition, without resorting to the use of preservatives. The use of 
sulfites for preserving bottled lime juice was once universal, while 
for apple juice it is generally claimed that an acceptable, well 
flavored product can not be marketed except by use of a preservative. 
The legally tolerated sodium benzoate is now generally used but 
many manufacturers claim salicylic acid to be superior as an apple 
juice preservative. 


There are being put on the market, however, bottled apple juices, 
preserved only by sterilization or pasteurization with heat and her- 
rnefacal sealing, similar to bottled grape juice, and Gore at the Bureau 
of Chemistry in Washington reported on a number of experiments in 
preserving apple juice in barrels, tins and glass by heat and her- 
metical sea mg alone (Bulletin 118 , Bureau of Chemistry). For com- 

fu charge), 

the butk oTtZ possible to quickly remove 

the bi^k of the suspended insoluble matter in fresh apple juice by 

ordinary milk separating machine. The juice was then pasteur- 

*Fa. State College Report 1901-2. 
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ized, by passing through a tin coil heated by a jacket of steam, at 
a temperature of 65° to 70° C. (149° to 158° F.). It was then passed 
directly into well-made casks which had been paraffined internally 
and rendered sterile internally by the following process: 

After paraffining, live steam was run into the cask for three min- 
utes, then a small amount of sulfur was burned in a suspended small 
cup inside the cask, after which it was allowed to stand closed over 
night and just before filling with juice was steamed out again for 
three minutes and rinsed with hot (sterile) water to remove the sul- 
furous products. After filling with hot juice, a bung which had 
been paraffined and kept in alcohol, and which contained a quarter- 
inch hole through the center stuffed witli cotton was immediately 
inserted, and when the juice had cooled to normal temperature a 
paraffined wooden skewer, sterilized in alcohol, was forced into the 
hole in the bung, displacing the cotton. This,, when cut off and the 
end coated with a drop of paraffin, constituted a permanent air-tight 
seal 

Casks filled thus kept indefinitely, and if opened and the con- 
tents removed carefully did not ferment within a reasonable length 
of time. In sealed tin cans and glass containers, the juice was suffi- 
ciently pasteurized to prevent spoilage by heating in a stirred water- 
bath at about 155° F. for three-quarters of an hour, allowing an extra 
half liour in the case of glass, for the contents of the bottle to attain 
the temperature of the bath. All of the above prepared products 
had a slight cooked taste, and probably a real expert on the flavor 
of apple juices would have detected a loss of the delicate apple flavor^ 
ing esters, etc., at least in the barrel products. 

For the manufacture and preservation of grape juice the reader 
should send for and carefully read Bulletin 24 of the Bureau of 
Plant Industry, U. S. Department of Agriculture. A somewhat higher 
temperature is necessary and can be safely used in pasteurizing the 
juice of the grai^c. It should not be heated, however, above 195° 
P., and from 165° to 175° will usually give a sterile product. The 
details as outlined here would probably serve for preserving the grape 
juice in casks. 

The proposed Federal standard for grape juice defines and stand- 
ardizes it as ^The fresh fruit juice obtained from grapes (Vitis species), 
has a specific gravity (at 20° C.) not less than 1.040 and not ex- 
ceeding 1.124; and contains in one hundred (100) cubic centimeters 
(20° C.) not less than seven (7) grams nor more than twenty-eight 
(28) grams of total sugars in terms of reducing sugars, not less than 
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twenty (20) centigrams and not more than fifty-five (55) centigrams 
of grape ash and not less than fifteen (15) milligrams nor more than 
seventy (70) milligrams of phosphoric acid (PoOs)/’ 

Hartman and Tolman have determined the amount of volatile 
acid (as acetic acid), nitrogen, sulfur and phosphoric acid (P^Og) on 
various Concord grape juices and find the following proportions: 


Volatile acid (as a,ccl-ic) 

Nitrogen 

Bui far (as SOn) ....... 

Phosphoric acid (PaOr,) 


Grams per 100‘ cc. 
Mmlmum Maximum 

0.01 0.04 

0.043 0.054 

0.007 0.012 

0.015 0.041 


Tlusy also (Ictcrniincd tlic volatile esters (as ethyl aeetate) in 
nineteen samples of Concord grape juice, finding from 0.12 to 0.23 
gram, with an average of 0.16 gram per 100 cubic centimeters of juice. 

The most characteristic ester giving flavor to grape juice is methyl 
anthranilate, which has a decided grape odor and which is being ex- 
tensively used to reinforce juices and to prepare imitation grape 
beverages. It actually exists in various true grape juices, but in very 
small i^roportion, being most plentiful in red juices of the Concord 
typo, where 0.0002 gram per 100 cubic centimeters of juice has been 


For various other fruit juices, these methods of preservation some- 
times work; at other times there is such a loss of flavor and color 
as to interfere with the sale of the product. In Bulletin 241 of the 
U. S. Department of Agriculture is reported a long series of experi- 
ments on a large number of fruit juices, which develop the fact that 
ordinary mctliods (as above) could be successfully applied to the 
juices of black raspberries, blackberries, currants, sour cherries and 
peaches. Other methods utilizing refrigeration and sterilization in 
carbon dioxide were tried with other fruit juices. The following is 
a summary of the results generally. 

Pressing . — Satisfactory yields of juice were easily obtained from 
all of the fruits studied. Lemon and orange juices were best ex- 
pressd by cutting each fruit into several pieces and then pressing, 
a method which could be successfully used in pressing pineapples, 
although the method of i)ressing the fruit without previous cutting is 
probably superior. It was found advisable to pass all of the other 
kinds of fruit pressed, without heating, through an apple grater to 
facilitate the outflow of the juice. 

Heating before pressing in the case of black raspberry, blackberry. 
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red currant, black currant and huckleberry juices resulted in larger 
yields of juice and the development of more color and a more dis- 
tinctive flavor than were obtained from cold pressing. Strawberries, 
red raspberries, cherries, peaches, pineapples, lemons and oranges 
were cold pressed. 

Heating the juices sufficiently to sterilize them did not injuriously 
affect the color of any of the fruit juices, though pineapple, lemon 
and orange juices usually darkened somewhat if heated in the pres- 
ence of dissolved oxygen or if exposed to atmospheric oxygen during 
the heat- treatment. 

The distinctive flavor of the fresh fruit was greatly injured and 
the familiar cooked strawberry taste appeared when strawberry juice 
was sterilized by heat. The fresh fruit flavor of orange juice* was 
also distinctly injured when the juice was heated. Although all lost 
in the quality of freshness, heating did not seriously affect the flavor 
of other fruit juices, except in cases where the heat employed was 
excessive. 


Retention of Distinctive ColoTS and Flavors . — ^The extent to which 
color and flavor were retained on keeping the juice after steriliza- 
tion varied greatly in the juices from the various fruits. 

^ In strawberry juice the brilliant red color of the freshly sterilized 
juices in all cases faded greatly and further flavor losses occurred. 
Sterilization and subsequent keeping in carbon dioxide were not 
effective in securing color retention. 

Red currant juice very gradually lost in distinctive color and 
flavor on being kept at room temperatures after sterilization, and 
keeping in carbon dioxide was not effective in securing either color 
or flavor retention. Cold storage at from 32° to 35° F. was found 
to be a very satisfactory means of controlling color and flavor changes. 

The distinctive colors and flavors of black currant, blackberry 
and black raspberry juices were satisfactorily retained during pro- 
longed periods at common storage. The flavor of blackberries was 
however, distinctly less well retained than that of black currants or 
black raspberries, though it did not undergo a perceptible change 
during a storage period of six months. 

In the case of red raspberries the distinctive color and flavor were 


ExehSS,. h'a^ve"' Cfowera’ 
orange juice and find present: alcohol acptnno Valencia 

alwhol (CioHiaO), isoamyl alcohol, phenylethyl ’ alcohol^ olefin 

and caprylic acids. ’ A'^^nyietnyi alcohol and esters of formic, acetic 
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poorly retained, even on keeping the juice in carbon dioxide in cold 
, storage at from 32° to 35° P. 

AVhen sterilized and subsequently kept in carbon dioxide the dis- 
tinctive color of pineapple juice remained practically unchanged. 
When exposed to atmospheric oxygen at juice surfaces during and 
after sterilization, marked darkening occurred. Change in color was 
also found to be greatly, though not wholly, retarded by keeping the 
juice in cold storage at from 32° to 35° F. On keeping the juice at 
ordinary temperatures the distinctive pineapple flavor gradually les- 
sened, though the juices remained recognizable as pineapple. By 
kcci)iug in cold storage at from 32° to 35° F. flavor change was almost 
wholly prevented. 

The distinctive colors and flavors of peach and cherry juices were 
quite well retained while kept at room temperatures. Huckleberry 
juice, hot pressed, lost in flavor on keeping. 

Lemon juice darkened in color if sterilized and kept in the pres- 
ence of atmospheric oxygen, though the color was satisfactorily re- 
tained when the juice was sterilized and kept in carbon dioxide or in 
vacuum. In all cases an off-flavor, designated as a “bottled lime- 
juice” flavor, appeared in the lemon juice after it had been kept for a 
time after sterilization, even though in cold storage at from 32° to 
35° F. 

Orange juice also underwent a marked darkening in color when 
kept at room temi)ci'!iturcs after being sterilized. The color was fairly 
well retained when atmospheric oxygen was excluded by sterilizing 
the juice and subsequently keeping it in vacuum or in carbon dioxide, 
and the change in color was well controlled by keeping the juice 
at low l.(mii)eratures. The flavor of sterilized orange juice, already 
slightly injured by the heating necessary for sterilization, underwent 
further changes when kept at room temperatures. It was found that 
by keeping the juice in cold storage at from 32° to 35° F. the flavor 
was well retained for long periods. 

Keeping in Freezing Storage, and Concentration by Freezing . — 
The distinctive colors and flavors of all fruit juices kept in freezing 
storage at about —10° 'C. (14° F.) were found to remain practicaJlly 
unchanged during many months, except that a peculiar coagulation 
of much of the coloring matter appeared in the juice of the black 
raspberry. It was possible to concentrate fruit juices to syrups by 
freezing out the water as ice and centrifuging. Characteristic colors 
and flavors were well retained on concentrating. 


5 
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Filtering —Inlnsoiml earth greatly promotes the filtering of fruit 
juices, as it retards greatly the clogging of the filter. 

Conclusion , — Juices of red and black currants, blackberries, black 
raspberries, sour cherries and peaches may be prepared easily and 
successfully on a large scale by the methods used for the preparation 
of grape juice, as they retain their characteristic properties well on 
being sterilized and stored. Strawberry juice and red raspberry juice 
are not suited for preparation on a large scale because of the readi- 
ness with which the distinctive colors and flavors change. Huckle- 
berry juice is somewhat characterless. Pineapple juice requires spe- 
cial methods for its successful preparation which are not necessary 
in case of the other juices. Its preparation on the commercial scale, 
however, is of marked promise. 

Satisfactory methods for the preparation of lemon and orange juices 
have not been developed. The peculiar change in flavor of lemon 
juice stored after sterilization, even at low temperatures, is an ob- 
stacle to be overcome before the preparation of the juice on a large 
scale can be considered advisable. The problem of preparing orange 
juice is not without promise. It is not unlikely that highly specialized 
methods in which cold storage will play a prominent, if not dominat- 
ing, part will be required.” 

Relative to artificially carbonated fruit juices the term ^^sparkling” 
was for a time forbidden by the food inspection authorities as mis- 
leading, inasmuch as it had been used to describe ciders and wines 
in which the carbonic acid gas (carbon dioxide) existed as a product of 
the fermentation, as in champagne. On account of prohibition legis- 
lation, these naturally carbonated beverages are officially extinct in 
this country and in Service and Regulatory Announcement, Chem- 
istry 26 it is stated that the term “sparkling” on fruit juices 
which are clearly unfermented is no longer regarded as deceptive 
or misleading. In the same announcement the term “champagne” is 
restricted to the naturally carbonated wines and is considered as 
false and misleading” and as constituting a “misbranding under 
the Food and Drugs Act when used in connection with, and to de- 
scribe such products as artificially carbonated grape juice or apple 
juice.” 

Grape juice and apple juice prepared thus have been long on the 
market and no doubt others have been prepared at various times. 
Moreover, carbon dioxide gas has been suggested and tried out merely 
as a preservative, as referred to in the summary of the U. S. Bureau 
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of Chemistry “Studies on Fruit Juices” (Bulletin 241, U. S. Dept, of 

Agriculture) . 

The principal way, however, in which fruit beverages reach the 
consumer admixed with carbon dioxide is via the soda fountain. 
“Soda'’ is, perhaps, our national beverage and means simply some 
carbonated water mixed with a fruit- juice flavored sugar syrup. Fre- 
quently it also means carbonated water mixed with a sugar syrup 
which has been simply flavored with more or less artificial fruit 
flavors. This latter is an illegal proposition unless indicated to 
the consumer in some way, as the natural presumption is that “straw- 
berry soda,” for instance, contains strawberry juice in sufficient pro- 
portion to give a strawberry flavor.^ 

Fkuit Syrups 

Soda fountain fruit syrups are, or should be, as stated above, 
sugar syrups flavored with fruit juices. In addition we have fruit 
flavored syrups (“concentrates”) intended for dilution with plain 
water to produce an “ado” (e.g., lemonade, orangeade, grapeade, etc.) 
or “squash,” or “smash,” or “crush,” or “punch.” We have several 
official food inspection requirements concerning these products. 

Thus in Service and Eegulatory Announcement, Chemistry 23, 
the opinion is given that “terms such as ade, squash, punch, crush 
and smash, when used in conjunction with the name of a fruit, can 
be applied correctly only to beverages, either still or carbonated, 
which contain the fruit or juice of the fruit named. Such terms 
sliould not be ai)plicd to products flavored only with essential oils 
or essences.” 

In Service and Regulatory Announcement, Chemistry 26 the above 
“opinion” was repeated; and it was pointed out that products flavored 
only with essential oils or essences should be plainly labeled as imita- 
tions. To quote, “The Food and Drugs Act requires an imitation 
to be labeled witli the word imitation’ together with a statement 
showing wlierein it is an imitation, which ordinarily requires a declara- 
tion of those ingredients, such, for example, as essential oil, citric 
acid, and artificial color, giving the article its principal character- 
istics.” It was further held that “any turbid or ^cloudy' orange, 
or other fruit-flavored beverage, which does not contain either an 
appreciable quantity of the juice or the edible portion of orange or 
other fruit named, should be labeled plainly as an imitation.” 

* See appendix (p. 262), for labeling of Beverages and Beverage Materials under tlie 
Food and Drug Act. 


f 
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Right here it may be of interest also to quote from the above- 
mentioned Service and Regulatory Announcement, Chemistry 26 the 
official attitude on dealcoholized and non-alcoholic wines, fiuiit bev- 
erages, cordials and liquors. '‘In the opinion of the Bureau the com- 
position and character of whisky, gin, rum, brandy and articles of 
similar nature are such that nonalcoholic products identical with 
them except in alcohol content can not be prepared. The Bureau 
therefore will regard as misbranded any product designated by these 
terms, even when it is modified by the word “imitation.” 

The terms “dealcoholized wine” and “nonalcoholic wine” should be 
restricted to wine, the fermented grape product, from which the alcohol 
has been removed without appreciable loss of character-giving con- 
stituents other than alcohol, such as the substances which give flavor 
and bouquet. In labeling such articles the term indicating the ab- 
sence of alcohol should be printed in direct connection with the word 
“wine” and with the same degree of prominence. Where a specific 
designation is used, such as “dealcoholized claret,” “nonalcoholic bur- 
gundy,” the product must be true to type. The expression “dealco- 
holized wine” is preferred to “nonalcoholic wine,” in that it more 
definitely describes the product. 

Beverages not identical in composition and character with dealco- 
holized wine are considered misbranded if labeled or sold under any 
representation carrying a direct or indirect suggestion that they are 
wine, regardless of whether or not an expression indicating the ab- 
sence of alcohol is used. 

In order to harmonize the action of this Bureau in the enforce- 
ment of the Food and Drugs Act with the position taken by the 
Bureau of Internal Revenue in the enforcement of prohibition legis- 
lation, exception will not be taken to the term “nonalcoholic” when 
used on beverages containing less than one-half of 1 percent of 
alcohol. 

Beverages or beverage concentrates prepared from fruit products 
or synthetic flavors are not properly described by names indicative 
of alcoholic products or imitations of those products, such, for example, 
as nonalcoholic peach cordial” and “nonalcoholic imitation peach 
cordial.” 

Of the types of cordials formerly on the market many were of 
such character that products identical with them, except for pres- 
ence of alcohol, can not be prepared. The expression “nonalcoholic 
cordial,” or an equivalent term, may be used only where the product 
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is identical in all respects except alcohol content with the cordial 
indicated.” 

No standards have ever been fixed for fruit-flavored syrups used 
in soda fountain trade and analyses of these products vary so widely 
(according to the generosity of the maker) in the proportion of 
fruit juice used that it is of no value to give data here. Those of 
the trade particularly interested in the preparation of fruit syrups 
for bottling, their preservation, utility, cost of production, and use 
in carbonated beverages should by all means consult Bulletin 359 of 
the California State Experiment Station, wherein the fruit beverage 
investigations of W. V. Cruess and J. H. Irish are given in full. The 
bulletin gives a graphic outline of the processes of preparing car- 
bonated beverages from cherries and berries, red and white grapes, 
apples, citrus fruits and the pomegranate.* 

A fruit beverage which is becoming increasingly popular is that 
made from the juice of the Logan blackberry, or, as better known, 
the loganberry. Bulletin 773 of the U. S. Department of Agriculture 
deals with the general nature and utility of this berry and juices and 
syrups prepared therefrom. The soda-fountain syrups are made by 
adding sugar to undiluted juice, the composition running from one 
part of juice to one part of sugar to as high as three parts of juice 
to one part of sugar. The chemical data of Table 4 are of interest. 

Table 4. Composition of Loganberry Fruit Syrups. 


Specific gravity 


Total solids 

Non-sugar solids 

Reducing sugars 

Sucrose (sugar) 

Acidity (as citric acid) 
Total ash 


Minimum Maximum 


1.1297 

1.2625 

Percent 


30.01 

55.75 

1.69 

4.06 

11.85 

38.94 

none 

30.62 

1.06 

1.49 

0.19 

0.32 


In distinction to fruit- juice flavored sugar syrups, such as gen- 
erally used for dilution to form a beverage in the soda-fountain trade, 
there is another class of fruit syrups which contain no added sugar. 
These are the true fruit- juice syrups made by simply concentrating 
the original fruit juice to a syrupy consistency. Upon dilution with 
water they would yield to all intents and purposes the original fruit 
juice and if the dilution was with carbonated water we would get a 
‘^sparkling” fruit juice. 

The chief fault with ^^soda” as a beverage is its sticky, excessive 

* See appendix (p. 235), for abstract by J. li. Irisb. 
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sw6etiiess. This is purposely brought ubout to make the consuniei 
more thirsty, so that he soon craves more beverage and, if addicted 
to the “soda” beverage habit, he goes on trying to quench thirst with 
something calculated to make him more thirsty. 

It would seem that right here is the opening for fresh fruit juices, 
free from added sugar or sugar syrup and, at the drug store fountain, 
for true fruit syrups containing no added sugar. 

The earlier methods of concentrating apple and other fruit juices 
consisted of evaporating off much of the natural fruit water by means 
of heat, similar to the boiling down of maple tree sap to make a 
maple syrup. The trouble with fruit juices concentrated to syrupy 
form by heat has been the cooked taste usually imparted to the 
finished product. Evaporation in a vacuum pan or kettle, as in the 
preparation of concentrated milks (“condensed milk”) would do 
away with the “cooked taste” considerably, but even then the deli- 
cate ethereal flavoring substances are likely to be more or less com- 
pletely lost, as they are in general very volatile esters, aldehydes, 
etc. 

In 1914, H. C. Gore of the U. S. Bureau of Chemistry, in the Year- . 
book of the U. S. Department of Agriculture for that year, pointed out 
the way to the manufacture of true fruit syrups, particularly apple 
syrup and concentrated apple juice and cider, by freezing out the nat- 
mal fruit water, with no possible loss of delicate flavors. The syrups 
thus prepared were delicious products, which upon dilution with water 
were practically identical with the original fruit juice in palatability. 

The reader who is interested in this proposition should send for 
Yearbook Separate No. 639 entitled “Apple Syrup and Concentrated 
Cider.” Briefly the process consisted of freezing the fruit juice, break- 
ing up the “ice” cake into very small pieces and separating the con- 
centrated juice from the frozen water by the use of a centrifugal 
sieve, as used in the manufacture of granulated sugar. More recently 
a very great improvement has been effected by stirring the fruit 
juice during the freezing, whereby a thick mush of very fine ice crystals 
results, which is then separated from the concentrated juice by a 
centrifugal sieve. 

Much less work and greater yields of fruit syrup result by this 
new modification, which has already been put into commercial use. 
Herein lies the chief hope of getting full-flavored fruit syrups with- 
out the addition of excessive sugar which, in addition to less trans- 
portation charges and better keeping properties than with fresh 
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juices, will have the full natural flavor of the fruit juice upon dilu- 
tion with ordinary or carbonated water. 

By this method the equivalent of 250 gallons of apple juice can 
be shipped in a 50-gallon barrel and the product used directly as a 
syrup (on bread, cereals, etc.) or, by dilution, as a beverage prac- 
tically identical with the fresh fruit juice. The bulletin by Gore 
also describes the most approved methods for obtaining apple syrup 
by evaporation methods in the home or on a commercial scale, except 
where a vacuum kettle is available. 

Fkuit Jellies 

If the original fruit juice be mixed with the right proportion of 
sugar, if the percentage of fruit acid be within a certain definite range, 
and if there be enough pectin present, a further concentration by 
evaporation yields a gel or jelly of a desirable consistency or firm- 
ness. 

Fruit jellies are scientific products, although they have never 
been considered as such by the people who make them. As one 
writer has remarked, they should be ‘^so accurate scientifically that 
manufacturers can bring their raw materials together in the proper 
proportions and be sure to obtain a good, reliable, commercial prod- 
uct.^' Various experimenters and writers have, in recent years, de- 
ternained and reported upon the correct proportions of the four deter- 
mining factors in fruit jelly making and the amount of scientific and 
technical literature resulting is so voluminous that it is out of the 
question to review it here. A fairly comprehensive bibliography can be 
found in the August, 1923 issue of the Journal of the Association of 
Official Agricultural Chemists (page 68) and would-be progressive 
manufacturers should consult, or have their technical assistants con- 
sult, the various papers listed. 

Sucharipa, reporting (on page 67 of the above-mentioned journal) 
on some experiments upon the basic principles of jelly making, shows 
that with the right proportion of sugar, water, fruit acid and pectin, 
jellies may be produced with no heating at all, in fact a low tempera- 
ture and correct evaporation are ^^promoting factors.” The formation 
of the gel or jelly is not considered as a chemical reaction, but as a 
coagulation of pectin in a liquid-sugar- acid inedium. Long heating 
and high temperature will destroy the jelly-forming power in pectin. 
Pectins form jellies increasing in firmness with the methoxyl strength 
of the pectin. The methoxyl groups in the pectin are split off to 
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some degree during the gel formation, forming methanol. The solid 
constituents of a jelly consist of pectins only. 

As indicated above, the four determining factors in scientifically 
correct jelly making are sugar, water, fruit acid and pectin. Con- 
cerning the role of acids in fruit jellies, L. W. Tarr says; — “Main- 
taining pectin, sugar and water as nearly constant as experimental 
conditions permit, jelly formation is shown to be directly correlated 
with the hydrogen-ion concentration of the fruit acids. Total acidity 
may vary over a wide range but the hydrogen-ion concentration at 
which jelly formation occurs is practically constant, this being pH 
3.46 for the purest pectin employed. Furthermore, the hydrogen ions 
are the sole precipitating agents, the anions exerting no effect that 
could be observed. The presence of neutral salts does probably re- 
duce the hydrogen-ion concentration at which the jelly can form. 
And the character of the jelly is also determined by the hydrogen-ion 
concentration, other conditions being equal.” 

Campbell in the Journal of Industrial and Enginccrimi Chemistry, 
June, 1920, page 558, and in other journals, reports upon commer- 
cial experiments on the formation of apple jelly and summarizes 
as follows:— “1.25 percent of pectin produces a fine commercial jelly; 
1.0 to 0.75 percent of pectin produces a delicate quality similar to 
home-made jellies; 0.3 percent acidity (in terms of sulfuric acid) is 
necessary to produce a good quality jelly and 0.27 percent as a mini- 
mum and 0.5 percent as a maximum" (both in terms of sulfuric acid) 
is the permissible range. An excess of sugar produces a soft jelly, 
while an insufficient amount results in a tough product.” 

He reports experiments, starting with an apple juice containing 
1.69 percent pectin (using one pint of juice to one-half pound of 
sugar) and gradually reducing the pectin content (by dilution of 
juice) to only 0.5 percent. The jellies from juices containing 1 per- 
cent or less of pectin (with acidity not less than 0.3 percent) were too 
soft for commercial purposes. These jellies were all cooked prod- 
ucts (222° F.) and, as yet, in the commercial and domestic produc- 
tion of fruit jellies, such cooking is customary to bring about the 
proper evaporation and jelling. 

Another investigation of a practical nature is that by Professor 
Goldthwaite of the Department of Household Science of the University 
of Illinois, Urbana, 111. It is reported in the Journal of Industrial and 
Engineering Chemistry for June, 1909, and although since then much 
has been done along the line of theoretical conditions, as indicated 
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above, yet the practical working conditions of jelly making as de- 
veloped by Professor Goldthwaite still hold good. 

The investigation was a thorough and somewhat lengthy affair 
and for full details one should consult the above-mentioned journal. 
We will give here some of the findings, however. Professor Gold- 
thwaite worked with actual fruit juices, not merely solutions of sugar, 
acid and pectin as in the more theoretical experiments, and it was 
found that, irrespective of the kind of fruit juice used, certain prac- 
tical working data gave best results. Thus a hot fruit juice ready to 
jell on cooling should have a boiling point of 103° C. (217.5° F.) and 
the specific gravity should be close to 1.28 at that temperature. 

These figures held good when very different proportions of added 
sugar were used and with fruit juices of widely varying constitution, 
indicating that in addition to having the right proportions of acidity 
and pectin, the question of proper boiling was an important factor 
in causing the pectin to be precipitated in a continuous mass through- 
out the volume allotted to it. Unless this precipitation of pectin is 
just right, the physical texture of the jelly is too loose and we have 
the well-known phenomenon of “weeping” or the separation of liquid 
from the spaces between the particles of coagulated pectin. 

Goldthwaite was one of the first to point out that the change in 
pectin in jelly making was more of a physical character than chemical, 
that the pectin does not undergo any very consequential chemical 
alteration. Sucharipa’s recent study (referred to above) confirms 
this view, and also points out that the firmness of a jelly, depending 
as it does on the “methoxyl strength” of the pectin, is liable to be 
weakened by over-boiling which splits off methoxyl groups. 

Moreover, too much boiling of the added sugar in the presence of 
fruit acid results in too much inversion of the former into dextrose 
and levulose and in experiments where “invert sugar” (equal propor- 
tions of dextrose and levulose) was used in place of sucrose (ordinary 
sugar) only a syrup and not a jelly resulted. 

Some degree of inversion of sucrose is desirable, however, as it 
prevents crystallization of sugar, and this degree seems to be obtained 
when close adherence to the temperature and specific gravity given 
above is practised. It is also better not to boil the sugar and fruit 
juice together from start to finish, but rather to add the sugar so that 
it may be boiled with the juice not to exceed one-half the total time 
of cooking. 

As to the desirable degree of acidity in fruit juices, Goldthwaite 
found about 0.5 percent calculated in terms of sulfuric acid to give 
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best results. Sweet juices which would not jell, although rich in pec- 
tin, formed excellent jellies when tartaric acid was added to biiiig the 
acidity of the fruit juice up to about 0.5 percent. Tartaric acid was 
found to give more superior jellies than citric acid. 

More recently lactic acid under the trade name of “Lactart” has 
been used with success, the acid taste being less harsh. No loss of 
acid takes place during jelly making, unless a volatile acid has been 
used. It apparently serves only to precipitate and coagulate the 
pectin and invert the sugar to a desirable extent. 

The proportion of sugar used is an important factor, Professor 
Goldthwaite points out. Although rather tough jellies can be pro- 
duced by the proper boiling of fruit juices, yet added sugar from a 
practical standpoint is an important accessory factor. To make one 
glass of apple jelly required as much apple juice as would suflSce for 
six glasses when sugar was used. However, too much sugar yields 
poor results. When too large proportions of water have been used 
in extracting a fruit, too much sugar is used and this, together with the 
lowering of acidity and pectin content, yields poor jellies. In crab- 
apple, pear, plum, peach, apple and grape, about one volume of sugar 
to one volume of fruit juice gave good results generally, other factors 
being right. 

The total sugar concentration of a jelly must be above 65 percent 
if mold formation is to be avoided, otherwise the container and con- 
tents must be pasteurized. Within certain limits the higher the per- 
centage of pectin in a fruit juice, the lower the amount of sugar to 
form a jelly. This is where the legitimate use of commercial pectin 
in jelly making comes in. Dr. Singh, of the University of California, 
Berkeley, Calif., has reported on this possible saving of sugar in the 
Journal of Industrial and Engineering Chemistry for August, 1922. 
He finds a definite relation between the amount of acid in fruit juices 
and the amount of sugar necessary to form jelly and advises increas- 
ing acidity to the maximum compatible with flavor in order to save 
sugar. The pectin can be present to as high as 2 percent, but when 
from 2.5 to 3.0 percent was present a crust-like formation appeared 
on the jelly which was not only stiff er but less sweet than the lower 
layers. 

To summarize, it may be said that the precautions for good jelly 
making are: suflBcient acidity (0.3 to 0.5 percent in terms of sulfuric 
acid); 1.25 to 2.25 percent pectin; added sugar in proportion of one 
volume to one volume of juice; a temperature of 218° F. and specific 
gravity of 1.28 (at same temperature) at time of being ready to jell. 
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If pectin and acid are high, less sugar (three-fourths volume to one 
volume of juice) can be used, provided a final percentage of at least 65 
percent sugar is present in the finished product. Use of pectin should 
be indicated on the label, (See appendix for article by Jameson on 
“Pectin for Commercial Jelly-Makers.’O 

The Federal standard for fruit jellies (see Food Inspection De- 
cision 203 of Office of Secretary, U. S. Dept, of Agriculture) defines 
them as “the clean, sound, semisolid gelatinous products made by 
concentrating to a suitable consistency the strained juice, or the 
strained water extract from fresh fruit, from ^cold-pack’ fruit, from 
canned fruit, or from a mixture of two or all of these with sugar 
(sucrose).” “Glucose jelly” is jelly in which a glucose product is used 
in place of sugar (sucrose). 

Regarding the use of added pectin in jellies (and jams) we quoted 
in full the Service and Regulatory Announcement, Chemistry 27, 
Item 370, governing the situation. The following is the most recent 
expression of opinion from the U. S. Bureau of Chemistry, which has 
the principal say in matters of food and drug inspection, as affecting 
interstate commerce. 

Outlining its attitude. Acting Chief W. G. Campbell of the Bureau 
states that “No objection is made to the use of pectin in minute 
quantities in the preparation of jellies from fruits deficient in pectin 
when the pectin is wholesome, when it does not conceal inferiority, 
and when a statement of its presence appears on the label. 

“In most instances in the use of pectin, however, the amount used 
is very much in excess of that required to supply the natural de- 
ficiency in the fruit. We have observed jellies made from pectin 
with only sufficient fruit juice to impart a fruit color to the finished 
article. Under the terms of the Food and Drugs Act such products 
should be labeled Tectin Jelly, ^ followed by a statement that it is 
colored with a fruit juice. Where the amount of fruit juice present 
is sufficient to impart definitely and unmistakably its characteristic 
odor, taste and flavor to the finished product, there is no objection 
to the label T^ectin and Raspberry (or other fruit) Jelly.' The word 
^ Apple' may precede the word ^Pectin' if the pectin is in fact derived 
from apple. Pectin jellies flavored with extracts, either natural or 
artificial, and colored either with fruit juice or artificial color in 
imitation of fruit jelly, fall squarely within the provisions of the 
law outlined in Item 370. 

“The Department's definitions and standards for jam and pre- 
serve require that not less than 45 pounds of fruit be used to each 
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55 pounds of sugar in preparation. Where less than that amount ot 
fruit is used and where proper consistency is obtained by the addition 
of pectin and excess sugar, the article is no longer entitled to l)c 
designated as a jam or preserve. We have encountered a great many 
products on the market in the preparation of which not more tlia,n 
10 or 20 percent of fruit was used. Where such articles were artifi- 
cially colored, we have regarded them as imitations and subject to 
the requirements of the law for the labeling of imitations. If artifi- 
cial color is not used the Bureau has not objected to the sale of sucli 
articles as Tectin, Sugar and Raspberry (or other fruit) Jam (or Pre- 
serve).’ If the amount of fruit present plus tlie amount of sugar 
that wmuld normally be associated with it when jirepared into a jam 
or preserve exceeds 50 per cent of the finished product, tlie liureau 
has not objected to a rephrasing in the order of precedence in fhe 
labeling, as for example ^Raspberry (or other fruit) Jam, Sugar and 
Pectin.’ In all these suggested types of labeling you will under- 
stand, of course, all the words should be set forth in equal i)rominence. 
Where acid is added in preparation of these articles an appropriate 
declaration of that fact should also be made.^^ 


The addition of fruit acid, to get the required jiroportion neces- 
sary to form a good jelly, is fully often as necessary as tlie addi- 
tion of pectin. Citric acid from lemon juice or tartaric acid from 
grapes is generally used, although recently lactic acid (the acid of 
sour milk) in the trade form of Xactart’ is being substituted with 
excellent results. The taste of the latter is a pure sour taste, blend- 
ing well with every flavor and it does not promote crystallization. 
Many of the sweet fruits such as peaches, pears, and several tropical 
fruits, contain too little fruit acid naturally to form a good jelly. 
Phosphoric acid was formerly much used. 


As concerns sugar, it is desirable that a considerable proportion 
of the added sucrose be Inverted’ (changed into b^educing sugars’ by 
boiling in presence of fruit acid), but not all of it. The proper con- 
dition IS reached when the boiling point is about 218® F and the 
specific pyity of the hot mixture is 1.28. All germ life is killed 
during the boiling of the jelly, and the concentration of sugars to 
rom 50 to 75 percent prevents any fermentation or spoilage other 
t^n that caused by surface mold growths. By pouring melted par- 

a n over the solidified jelly, this surface growth of mold can be 
largely prevented. 


As to the chemical composition of fruit jellies, we have compiled 
a number of analyses below (Table 5). Much depends upon the 
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proportion of fruit juice used aiid the practice of different manufac- 
turers in this respect varies greatly, as we have seen above. The 
substitution of apple juice for other fruit juices, in other than apple 
jelly, is considerably practised and is adulteration from every stand- 
point. The estimation of the characteristic malic acid of the apple, 
together with other chemical data, will usually show any appreciable 
substitution of apple juice for other and more expensive fruit juices 
in the manufacture of fruit jellies. 


Table 5. Composition of Fruit Jellies. 


■ Fruit 

Total 

Solids 

Ordinary 

Snyar 

Reducing 

Sugars 

Total Non-sugar 
Sugars Solids 

Acidity 
(as H^SO^) 

Ash 








Apple 

Minimum 

53.90 

4.60 

20.78 

52.08 

2.90 

0.24 

0.10 

Maximum 

66.06 

33.04 

51.52 

63.05 

8.10 

0.69 

0.56 

Blackberry 

59.63 

44.90 

12,51 

57.41 

2.22 

0.48 

0.33 

Crab Apple 

Minimum 

61.12 

1.20 

18.00 

38.60 

4.67 

0.03 

U.iO 

Maximum 

66.00 

23.68 

56.30 

58.61 

22.52* 

0.20 

0.30 

Currant . 

Minimum 

56.70 

3,96 

20.20 

43.80 

0.52 

0.09 

0.17 

Maximum 

76.03 

23.60 

58.79 

69.25 

21.96* 

1.57 

0.62 

Cranberry 

54.76 

2.10 

47.20 

49.30 

5.46 

0.96 

0.16 

a 

40.80 

8.70 

23.60 

32.30 

8.50 

0.14t 

Grape 

Minimum 

64.10 

3.47 

32.29 

52.81 

0.85 

0.31 

0.21 

Maximum 

72.22 

30.52 

64.27 

67.74 

6.53 

0.83 

0.45 

Guava 

Minimum 

79.14 

43.43 

30.66 

74.89 

4.23 

0.47 

0.38 

Maximum 

79.97 

44.25 

31.46 

75.91 

5.08 

0.25 

0.45 

Huckleberry 

63.02 

32.74 

24,27 

57.01 

6.01 

0.28 

Lemon 

64.62 

7.31 

54.18 

61.49 

3.13 

0.46 

0.21 

Orange 

68.56 

62.52 

3.95 

66.47 

2.09 

0.17 

0.30 

Peach 

69.98 

56.59 

8.75 

65.34 

4.64 

0.24 

0.21 

Pear 

69.12 

58.46 

6.58 

65.04 

4.08 

0.18 

0.34 

Pineapple 

80.28 

56.70 

22.13 

78.83 

1.45 

0.33 

0.43 

Plum 

Minimum 

45.56 

22.37 

19.18 

41.85 

3.71 

1.03 

0.40 

Maximum 

73.01 

25.48 

44.22 

66.59 

6.42 

1.53 

0.68 

Raspberry 

Minimum 

63.90 

5.07 

46.46 

58.96 

3.94 

0.33 

0.24 

Maximum 

74.53 

21.30 

65.52 

70.59 

6.82 

0.84 

0.31 

Strawberry 

Minimum 

63.20 

17.30 

40.83 

58.30 

5.04 

0.25 

0.19 

Maximmn 68.11 22.24 44.56 63.56 5.44 

* Abnormally lii^rli, gelatine or other foreign matter, 

t Alkalinity of total awh = GO cc. N/jo acid. 

0.29 

0.21 


In these analyses the fruit acidity is calculated in terms of sul- 
furic acid for convenience in comparing different products. The 
tendency in recent years has been to cut down the proportion of 
ordinary sugar (sucrose) used; and with the advent of commercial 
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pectin preparations there has been more than a tendency to cut 
down on the proportion of fruit juice used, as remarked above by 
the Acting Chief of the U. S. Bureau of Chemistry. It would seem 
that the time was at hand to fix definite minimum limits on both of 
these items. Recently made jellies will test distinctly lower in all 
items than do the above products of twenty years ago, due largely 
to cost of raw materials and use of commercial pectin preparations. 

As to ‘glucose jellies’ (legalized as such in the Federal food 
standards) we have the following data (Table 6) on products of 
earlier years. The extent to which ‘glucose’ had been substituted for 
cane or beet sugar, varies considerably. 

Table 6. Composition of '^Glucose Fruit Jellies.” 


Total Ordinary Reducing Total Acidity Non-sugar 

Solids Sugar Sugars Sugars (approx.) (a.v //a*SY>.j) Solids 

Fruit Percent 


Apple 


Minimum 

... 63.19 

none 

38.13 

38.13 

20.15 

0.46 

7.30 

Maximum 

,... 65.57 

17.76 

40.25 

58.27 

77.00 

0.61 

27.44 

Currant 

, . . . 71.86 

17.24 

37.66 

54.90 

30.10 

0.42 

16.96 

Grape 

Minimum 

... 61.87 

1.50 

33.93 

35.43 

8.00 

0.45 

8.30 

Maximum 

... 62.02 

9.37 

44.35 

53.72 

63.00 

0.62 

26.44 

Guava 

... 78.57 

32.09 

36.32 

68.41 

6.00 

0.45 

10.36 

Lemon 

... 61.03 

none 

30.16 

30.16 

70.00 

0.61 

30.87 

Plum 

... 66.58 

none 

37.02 

37.02 

65.00 

0.90 

2(}M 

Quince 

Minimum 

... 59.27 

none 

32.45 

32.45 

2.00 

0.13 

7.94 

Maximum 

. . . 65.92 

17.01 

34.91 

51.57 

66.00 

0.17 

28.37 

Raspberry 

Mmimum 

. . . 62.80 

none 

32.53 

33.58 

45.50 

0.21 

24,29 

Maximum 

. . . 72.67 

1.20 

46.13 

47.33 

68.00 

0,24 

29.39 

Strawberry 

... 61.70 

3.73 

47.84 

51.57 

10.00 

0.67 

10.13 


Jellies have been variously adulterated at times by other than 
the above-mentioned methods. Gelatine and agar-agar and otlicr 
thickening agents have been used, coal-tar colors used to reinforce 
deficient natural color, and saccharin used as a sweetening agent. 
Preservatives, which are not needed in properly made fruit jellies, 
have been used, possibly coming sometimes from fruit juices thus 
preserved. 


Feuit Jams, Makmal-ades, Preserves, Etc. 


In preceding paragraphs we considered the products (jellies) pre- 
pared by mixing the water-soluble constituents of fruits (as fruit 
juices) with sugar and evaporating to the jellying point. In jams 
and marmalades more or less of the insoluble matter is included. 
In jams the whole fruit in small pieces is cooked with sugar and, if 
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necessary, mashed through a coarse sieve to separate skins, seeds 
and core particles ; in marmalades the whole fruit is pared (if neces- 
sary) and cores or pits removed and cooked in small pieces with the 
sugar, usually to a thicker product than jam. In orange marmalade 
slices of the fruit are purposely left intact and make an attractive, 
distinctive product. 

As most of the constituents of fruits are in solution (as fruit 
juice), the composition of jams and marmalades is very similar to 
that of jellies, but the consistency aimed for in the former is that 
of a paste that will spread, whereas jellies are more gelatinous and 
solid. The insoluble portions discarded in jelly making have little 
nutritive value, but serve to give a more pastelike consistency to 
the jam or marmalade. 

The Federal standard for jam and preserve (see Food Inspection 
Decision 203, Office of Secretary, U. S. Dept, of Agriculture) is as 
follows; “Preserve, fruit preserve, jam, fruit jam, is the clean, sound 
product made by cooking to a suitable consistency properly prepared 
fresh fruit, ^cold-pack’ fruit, canned fruit, or a mixture of two or 
all of these, with sugar (sucrose) or with sugar and water. In its 
preparation not less than forty-five (45) pounds of fruit are used 
to each fifty-five (55) pounds of sugar (sucrose).” “Glucose fruit 
jam, glucose fruit preserve” is jam or preserve in which a glu- 
cose product is used in place of sugar (sucrose) . 

In addition to standards for jam, preserve and jellies the U. S. 
Department of Agriculture has fixed standards for fruit butters as 
follows: “Fruit butter is the sound product made from fruit juice 
and clean, sound, properly matured and prepared fruit, evaporated 
to a semi-solid mass of homogeneous consistency, with or without the 
additions of sugar and spices or vinegar, and conforms in name to 
the fruit used in its preparation.” “Glucose fruit butter” is fruit 
butter in which a glucose product is used in place of sugar (sucrose) . 
Fruit butter is not standardized as concerns the proportion of fruit 
and sugar used, as are jam and marmalade. As a rule no sugar is 
added except with sour fruit, the butter being mainly a boiled-down 
fruit juice containing some of the pulp, and usually some vinegar. 
We quote some analyses later. 

Regarding the legal requirement of forty-five (45) pounds of 
fruit to fifty-five (55) pounds of sugar in the preparation of jams 
or marmalade, there is considerable tendency on the part of many 
manufadturers to shade this to a 60-50 mixture, which is not so serious 
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a matter as the recent custom of others to cut the proportion of 
fruit used down to 35 pounds to 65 pounds of sugar. 

The use of commercial pectin aids in this procedure and, as we 
quoted from the latest U. S. Bureau of Chemistry pronouncement in 
the section on fruit jellies, a great many products have been found 
on the market containing only 10 to 20 per cent of fruit. If artificial 
color is used the Bureau of Chemistry has regarded such products 
as imitation jams and subject to the, legal requirements for the 
labeling of imitations generally. If artificial color is not used tlie 
Bureau has not objected to the sale of these sub-standard products 
as “Pectin, Sugar and Raspberry (or other fruit) jam.” 

If the amount of fruit present plus the amount of sugar that 
would normally be associated with it when prepared into a jam, ex- 
ceeds 50 percent of the finished product, the Bureau of Chemistry 
has not objected to a rephrasing in the order of precedence in the 
labeling, as for example: “Raspberry (or other fruit) jam, sugar and 
pectin.” In all these types of labeling all the words must be set forth 
in equal prominence, and where acid is added in preparation of these 
articles an appropriate declaration of that fact must also be made. 

The above rules also apply to fruit preserves, which are defined 
the same as jam. “Citrus fruit marmalade” is legally defined as 
“the clean, sound, jelly-like product made from the properly pre- 
pared juice and peel, with or without the pulp, of fresh citrus fruit, 
of canned citrus fruit, or of a mixture of these, by cooking with 
water and sugar (sucrose) . It contains, embedded in the mass, pieces 
of the fruit peel, with or without portions of the pulp of the fruit.” 

A “preserve” is necessarily a thinner product than jam or marma- 
lade inasmuch as the 55 percent of sugar is dissolved in water to 
form a syrup, nor is any standard fixed as to the strength of the 
syrup to be used. However, 45 percent of fruit must have been 
used.^ “Bar le Due” currants, sometimes incorrectly called “Bar le 
Due jelly,” is a good example of a preserve in which the whole fruit 
IS preserved an a thick syrup and presenting a rather attractive ap- 
pearance. In preserves generally an attempt is made to preserve 
the shape of the fruit more or less intact, whereas in jams, marma- 
lades and butters a mashing of the fruit to greater or less degree is 
practised in order to get a more paste-like product. 

A somewhat common method of adulterating jams, aside from 
the substitution of cheaper fruits like apples, is the utilization of 
the pulp left in the manufacture of fruit juices and jellies. This pulp 
is cooked with sugar or glucose, adding acid if necessary and even 
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Table 7. Composition of Jams and Marmalades 


Fruit 

Total 

iiolids 

Ordmary 

Sugar 

Reducing 

Sugars 

Total Non-Sugar Acidity 
Sugars Solids (as 

Pnrppnt 

Imol. 

Solids 

Ash 

Apple 

Minimum 

63.22 

28.95 

25.52 

54.63 

8.59 

0.28 


0.20 

Maximum 

70.12 

29.11 

31.61 

60.24 

9.90 

0.37 


0.31 

Apricot 

Alinimum 

66.06 

23.00 

34.10 

60.42 

4.04 

0.35 

0.88 

0.30 

Maximum 

70.15 

29.02 

38.96 

64.96 

5.19 

0.41 

1.72 

0.35 

Blackberry 

Minimum 

55.42 

29.00 

18.77 

47.77 

7.65 

0.85 

1.96 

0.48 

Maximum 

73.11 

33.40 

30.46 

63.86 

9.25 

0.96 

2.11 

0.55 

Currant (Black) 

Minimum 

55.14 

4.14 

40.60 

47.14 

6.10 


2.08 

0.25 

Maximum 

75.90 

26.40 

43.00 

68.05 

16.07* 


14.28* 

0.53 

Currant (Red) 

Minimum 

66.32 

1.64 

27.86 

54.09 

5.73 

0.43 

0.98 

0.12 

Maximum 

72.42 

26.23 

58.52 

65.87 

12.23* 

1.11 

10.47* 

0.84 

Fia Marmalade 

69.00 

37.90 

20.06 

57.96 

11.04 


6.28 

0.19 

Gooseberry 

Minimum 

Maximum 

66.86 

70.25 

6.33 

31.90 

34.90 

54.80 

58.70 

66.80 

3.65 

8.37 


1.26 

5.35 


Grai)e 

Minimum 

56.64 

3.70 

33.44 

44.77 

8.04 

0.70 


0.19 

Maximum 

61.80 

11.33 

50.06 

53.76 

11.87 

0.74 


0.48 

Grape Marmalade , . . 

63.01 

4.70 

48.25 

52.95 

10.06 

0.81 

6.61 

0.50 

G rj i p ( dru i t M ! ir mal a( Ic 
Gua,v'a 

Minimum 

69.20 

35.51 

27.00 

62.51 

6.69 

0.39 

1.25 

0.33 

70.97 

21.27 

25.14 

64.83 

4.62 

0,30 

1.04 

0.30 

Maximum 

82.46 

52.73 

43.56 

77.87 

6.15 

0.44 

3.30 

0.33 

Ltunon Marmalade . . 

67.92 

7.00 

56.92 

63.92 

4.00 


3.37 


Oraime Marmalade 

Minimum 

53.87 

2.09 

13.61 

48.15 

3.55 

0.21 

0.09 

0.14 

Maximum 

87.06 

54.23 

66.26 

75.02 

12.68* 

0.52 

6.88 

0.44 

Fear 

Minimum 

61.52 

20.28 

13.20 

46.94 

5.45 

0.31 

1.00 

0.28 

Maximum 

76.33 

33.74 

50.60 

70.88 

14.58 

0.39 

1.72 

0.35 

P(uu.;h 

Minimum 

54.90 

15.08 

15.00 

40.60 

5.47 

0.26 

1.08 

0.27 

Mjiximum 

77.67 

53.50 

46,78 

67.92 

14.30* 

0.50 

7.30* 

0.39 

Pineapple . ' _ . 

Minimum 

55.08 

13,90 

14,05 

47.10 

7.98 

0.26 

5.32 

0.24 

Maximum 

73.92 

46.40 

33.20 

60.45 

13.47* 

0.31 

7.67* 

0.30 

Pineapple Marmalade 75.57 

40.20 

31.90 

72.10 

3.47 

0.34 

2.62 

0.35 

rium 

Minimum 

50.43 

0.30 

22.90 

36.80 

2.74 

0.80 

0.79 

0.32 

Maximum 

73.50 

36.56 

53.90 

70.76 

25.20* 

1.35 

10.50* 

0.60 

Plum (Green Gagie) 

Minimum 

62.93 

5.30 

37.01 

42.31 

3.55 

0.39 

0.96 

0.25 

Maximum 

74.96 

30.68 

50.34 

71.40 

20.62* 

0.50 

4.93 

0.31 

Ra.sr)l)(irry ... . . ^ 

Minimum 

46.13 

0.50 

15.95 

30.20 

7.18 

0.20 

2.64 

0.18 

Maximum 

79.40 

33.20 

54.57 

73.20 

25.20t 

0.61 

13.57* 

0.35 

Strawberry . . . ^ 

Minimum 

38.40 

3.70 

8.30 

36.50 

2.00 

0.48 

1.52 

0.25 

Maximum 

75.83 

48.17 

61.61 

72.64 

18.39 

0.53 

7.48 

0.42 


* Includes pits or seeds or pieces of skin, as of orange. 

t one sample showed 60.16 percent indicating use of raspberry pomace entirely. 
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Table 8. Composition of Fruit Preserves 

Total Ordirmry Reducing Total InsoL Acidity Solids (in 

Solids Sugar Sugar Sugars Solids (as E2SO4,) Ash Syrup) 

Fruit :Percent — , 

Apricots 65.50 25.32 23.13 48.45 17.05 0.88 0.48 71.85 

Blackberries 28.97 none 23.30 23.30 4.72 0.49 0.45 

Cherries 

Minimum 50.88 1.88 35.23 47.90 3.00 0.15 0.19 46.01 

Maximum 70.82 22.70 46.00 57.93 12.89 0.82 0.36 68.86 

Cranberry 46.93 0.22 41.20 41.44 2.68 (Sugar free solids=5.49) 

Currant (Bar le Due) 70.90 9.87 54.54 64.41 0.99 0.45 0.14 

Strawberry 

Minimum 31.86 0.46 15.95 29.73 2.00 0.24 0.17 

Maximum 68.82 22.90 52.13 58.80 7.07 0.56 0.38 


artificial flavor and color. The product, however, will be deficient 
in constituents characteristic of the fruit juice. The substitution 
of cheaper fruits (apple for instance) is revealed by a chemical study 
of the fruit acids present and a microscopical study of cell fragments 
and other tissues and seeds. In U. S. Bureau of Chemistry, Bulletin 
66 will be found an excellent microscopical study of' the tissues of 
various fruits, accompanied with careful illustrations. 

Regarding the chemical composition of different fruit jams, mar- 
malades and preserves, the various state and government reports 
do not differentiate as often or as well as they might, there being 
a tendency to class all three together simply as “jams.” The pre- 
ceding data are for jams unless specified otherwise. Acidity is ex- 
pressed in terms of sulfuric acid (H^ SO 4 ) rather than in terms of 
the actual fruit acids present, for convenience in making compari- 
sons. Inasmuch as jellification is not looked for in jams, marma- 
lades and preserves, the degree of acidity and proportion of pectin 
are not such important factors as in jellies. However, a jam must 
not be too acid to be palatable, and pectin, as we have alluded to, is 
used considerably in obtaining desirable consistency, especially when 
less than the legal proportion of fruit has been used. 

Many of the jam products reported were imported from England 
where the art of making high grade jams and marmalades has reached 
a point near to perfection. Jam and marmalade are much more 
conmon articles of food in England and the English colonies than 
IS the case here. 


Preserves, as we have said earlier, are of a thinner consistency 
than jams and marmalades and an effort is made to keep the fruit 
mtact. Fruits canned in a thin syrup depend entirely upon hermetical 
sealing for preservation, but when put up in a sufficiently thick 
syrup, they are preserved more or less by the sugars present In the 
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above analyses we have included products sometimes referred to as 
‘‘canned fruits/’ which, having been put up in a thick sugar syrup, 
may also be classed as “preserves.” 

The composition of the “glucose jams, marmalades and preserves” 
bears practically the same relation to the above analyses that the 
“glucose jellies” (see preceding section) bear to the regular fruit 
jellies, the principal difference being the presence of a small percentage 
of “insoluble solids” coming from the inclusion of cell- wall tissues and 
seeds. 

The “fruit butters,” referred to above, in connection with the legal 
standards, have not been analyzed to any degree, except in the case 
of “apple butter.” 

Table 9. Composition of Apple Butter. 

Total Ordinary Reducing Total Non-Sugar Acidity 

Solids Sugar Sugars Sugars Solids (as JT2.SO4) Ash 


Percent 

Minimum 47.42 0.75 37.20 38.34 6.48 0.40 0.70 

Maximum 47.91 1.14 40.68 41.43 9.08 0.44 0.97 


The apple butters shown in Table 9 were evidently made without 
vinegar, as the acidity corresponds to that of sweet apple juice boiled 
down to a similar consistency. Any sugar, if added, would be largely 
converted into reducing sugars by the long continued boiling in the 
presence of fruit acid. The data on the above samples indicate that 
no sugar was used. 

Canned Fruits 

“Canned fruit” is legally defined as “the clean, sound product 
made from properly prepared fresh fruit, with or without water 
and/or sugar (sucrose) , (a) by processing in a suitable hermetically- 
sealed container, or (b) by heating or packing in a suitable container 
which is then hermetically sealed.” 

As yet, the Federal food inspection officials have done very little 
in grading canned fruits, but in California a law has recently been 
proposed that all fruits canned, which are not suitable for the “Fancy,” 
“Choice” and “Standard” grades hitherto in use by the trade (par- 
ticularly the “Canners League of California”) , shall be labeled “Sec- 
onds” on the top of the can. Five grades are being packed at present; 
but as yet the distinctions are not exact enough to serve in food in- 
spection for the guidance of judges, juries and consumers. 

The information concerning the chemical composition of canned 
fruits is not entirely satisfactory. Certain local associations have 
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attempted to standardize the sugar strength of the syrups used in 
canned fruits and below we give data on the sugar content of syrups 
in canned fruits, as found on analysis. The Bulletin 66 data did 
not report the percent of solids both in the whole 'product and in the 
syrup also in any case, but in most of the samples (75 in number) 
the percent of solids in the syrup was determined and we will quote 
that mainly. The solids in the syrup would be principally sugar, 
hence the figure given in each case may be regarded as the sugar 
strength of the syrups used with different fruits. The data (Table 10) 
are somewhat old, but still apply, as present-day standards have not 
greatly improved. 

Table 10. Analyses of Canned Fruits. 



Total Solids 
in Can in Syrup 

Acidity 

i^as 

Reducing 

Sugar 

Sucrose 

Total 

Ash 

Alkalinity 
(as /C 2 C 0 .n) 

Apples 


8.17 




0.147 

0.115 

Apricots 

Minimum . . . 


16.84 

0.88 


0.59 

0.345 

0.170 

Maximum . . . 


71.87 

• • • • 


25.32 

0.479 

0,344 

Blackberries . . . 

... .... 

28.20 




.... 

0.423 

0.192 

Blueberries 



12.18 




0.166 

0.134 

Cherries 

Minimum . . . 

. . . 24.81 

12.23 

0.05 


0.00 

0.045 

0.017 

Maximum . . . 

. . . 70,82 

68.86 

0.82 


22.70 

0.408 

0.311 

Figs 

Minimum . . . 



56.98 

0.09 


23.83 

0.131 

0.081 

Maximum . . . 



63.53 




41.34 

0.236 

0.199 

Orange 


62.70 

• • » • 


15.00 

0.468 

0.245 

Pineapples 

Minimum 

... .... 

20.79 

0.51 



0.00 

0.059 

0.050 

Maximum 



59,94 

0.56 


17.45 

0.629 

0.457 

Plums 

Minimum 

... 21.90 

26.99 

0.60 


0.23 

0.156 

0.104 

Maximum 

... 26.74 

41.07 . 

0.77 


6.46 

0.281 

0.215 

Peaches 

Minimum 


16,78 

0.30 


0.68 

0.253 

0.171 

Maximum 



2720 

0.48 


46.40 

0.351 

0.268 

Pears 

Minimum . . . , 

... 14.10 

8.95 

0.11 


0.37 

0.081 

0.052 

Maximum 

... 31.86 

60.94 

0.16 


27.26 

0.230 

0.183 

Raspberries 

Minimum 

... 34.36 


0.20 


•0.60 

0.279 

0.206 

Maximum 

... 69.12 

37.53 

0.66 

45.76 

3.34 

0.308 

0.280 

Strawberries 

Minimum 

... 31.86 


0.20 

29.28 

0.60 

0.169 

0.099 

Maximum 

. . 71.76 

— 

0.66 

52.13 

19.08 

0.356 

0.250 


The data show a very wide range of practice in the strength of 
syrup used in canned fruits; also in the degree of inversion of the 
supr (sucrose) there is a considerable variation, due to different 
acidities and length of processing. To get the “total sugar” 


one 
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adds the “reducing sugar” to the sucrose and in many cases where 
the “reducing sugars” were not determined, it is permissible to as- 
sume that about 90 percent of the difference between the total solids 
and the sucrose represents the “reducing sugar.” 

The data on the ash and alkalinity of the same are of value in 
detecting the canning of extracted fruit, as the sugar used in the 
syrup would furnish practically no ash (mineral residue). 

There is obviously a need of standardizing the strength of syrup 
used in canning fruits and the action of the “Canners League of Cali- 
fornia” along this line is meritorious. 


Commercial Maturity op Fruits 

Once upon a time all people ate fruits as they came from the tree, 
bush or vine, and ate them ripe, with a flavor that nature only can 
impart. But with the development of the commercial fruit grow- 
ing business, as concentrated in certain sections, and the resulting 
necessity of shipping long distances by relatively slow means of 
transportation, a new condition of affairs has come about and many 
people, especially in the big cities, have little or no idea of the 
natural flavor of certain fruits. For instance a tomato ripened on 
the vine bears only a morphological resemblance to the more or less 
tasteless tomato, picked green and allowed to turn partially red before 
being sold. It has the same form but the flavor and other things 
dependent upon natural ripening, have but slight resemblance. The 
same can be said of bananas, oranges, watermelons and other melons, 
and several other fruits. 

In order to ship some of these fruits to the market, it is of course 
necessary to pick them before they are fully ripe, but in the race 
to get shipments to the markets ahead of other growers, to deliver 
fruits out of season, and to enable careless packing, a flagrant abuse 
has grown up. Fruits have been picked and shipped when very im- 
mature, color has been developed by artificial means (heat and sweat- 
ing) and other tricks resorted to, none of which helped to develop a 
liking for the fruit among the consumers. 

Finally the abuses became so flagrant and widespread that the 
provisions of the Federal Food Law referring to misbranding and 
technical adulteration were invoked by food inspection officials and 
prosecutions of fruit shippers resulted. 

It was realized by these food inspection officials, however, that 
a new degree of maturity must be studied as a standard; that full 



50 


THE LEGAL CHEMISTRY OF FOODS 

maturity due to ripening on tiie tree, bush or vine was a commeicial 
impossibility in many cases and that an intermediate point between 
utter greenness (immaturity) and full maturity must be considered. 
This intermediate point is being called “commercial maturity’^ or that 
degree of maturity which will stand long shipment and yet result 
in the sale of products which are technically ripe, though of different 
flavor than fruits that have ripened on the plant bearing them. 

Some of these studies, which are necessarily of a technical nature, 
have been completed and standards fixed, others are under way, 
especially in the U. S. Department of Agriculture, to which such 
an investigation belongs by virtue of its position as a governmental 
aid to fruit growers and as a defender of the consumers against fraud 
under the Federal food law. In the case of oranges and grapefruit, 
the food inspection officials of Florida, especially Dr. R. E. Rose, 
the State Chemist, investigated and assisted greatly, with the co- 
operation of the more thoughtful growers and shippers, who realized 
what harm might result to their industry if the abuses remained 
unchecked. State standards and Federal standards have resulted 
and simple tests devised by which the orange and grapefruit grow- 
ers and shippers can determine when the fruit is ready for picking 
to yield a product technically ripe upon arrival at the market point. 

Thus oranges and grapefruits must not be found in interstate 
commerce unless they comply with the Federal standards. 

The full “ripening point” may be considered as that point where 
the sugar content of unpicked fruit reaches the maximum. The “com- 
mercial maturity” considers the fact that full ripening is not always 
practicable and a point is fixed that will yield an acceptable product 
to the distant consumer. 

In Bulletin 94 of the U. S. Bureau of Chemistry the results of 
studies on the ripening of apples of different varieties are given, also 
changes taking place during storage, but as yet there has been no 
legal definition of “commercial maturity” for that fruit. 

More recently has appeared Bulletin 1250 of the U. S. Depart- 
ment of Agriculture, entitled the “Relation Between the Composi- 
tion of California Cantaloupes and their Commercial Maturity.” With 
the usual methods of handling, if melons have been allowed to develop 
too far before picking, they can be shipped only short distances and 
are sold in nearby California cities as “choice.” For eastern ship- 
ments of from 2,000 to 3,000 miles it has been customary to pick 
melons before any trace of yellow color has developed. This has 
resulted in the picking of melons which are too green, and these 
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reached the consumers in a tough, shriveled condition, lacking in 
color and flavor. The shipment of such green melons is a quick 
way to ruin the demand and the purpose of the investigation reported 
in Bulletin 1250 was to devise suitable tests by which the state of 
development of cantaloupes can be judged and by means of which 
growers and shippers may be sure that mature melons are 
selected and the too green ones left on the vine. Information as to 
the changes taking place in the composition of the melons after 
picking was also looked for in order to determine whether their com- 
position at the time they are sold to the consumer is an indication 
of condition at time of picking. 

It was necessary, therefore, to study the composition of the fruit 
at different stages of maturity to ascertain, if possible, what rela- 
tion existed between the eating quality of the fruit and its composi- 
tion; and to determine to what extent the external appearance can 
be correlated with the internal condition. From these relations a limit 
below which melons could be regarded as unsuitable for marketing 
could be fixed. 

This investigation might be considered as a general working out- 
line for any fruit and a study of the bulletin is well worth while. 
In addition to cantaloupes, data are reported on “Eden Gem Melons/^ 
Early Watermelons and Honeydew Melons. The summary of re- 
sults on cantaloupes is that the soluble solids, refractive index of the 
juice and its sugar (sucrose) content increase as the melons ripen 
and the percentages of starch in the seeds decreases. The juice of 
melons which are sufficiently mature when picked has a specific 
gravity of at least 1.040, equivalent to 10 percent of solids (soluble), 
a refractive index of at least 55 in an immersion refractometer and 
a sugar (sucrose) content of at least 4.5 percent. The seeds of such 
melons contain less than 0.5 percent starch. Melons gain in flavor, 
but not in sweetness, after being picked. On storage at low tempera- 
tures such as are found in iced cars the melons change but little 
chemically, so that their condition during and immediately after 
storage indicates their condition when picked. 

Undoubtedly oflScial standards will be issued governing the “com- 
mercial maturity^^ of these melons and in time we shall have similar 
standards governing the maturity of all fruits which are necessarily 
picked before the condition of full maturity, due to commercial re- 
quirements, especially long distance shipping. 
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SxjGABS IN Jellies* and Jams 

According to circumstances, there are four sugars that may be 
found in jellies and jams. Most fruits contain three sugars which 
make up the greater part of the total solids of the fruit, or tlie juice 
expressed therefrom. The commonest sugars in fruits are the two 
^Teducing sugars” (so-called because they reduce an alkaline copper 
salt solution to the red oxide of copper) known as levulose and dex- 
trose. Levulose is the principal sugar of the apple (about 6 percent) 
while the principal sugar of the grape is dextrose. The apple, Iiow- 
ever, contains dextrose and the grape also contains levulose and 
most of the other fruits contain approximately equal proportions of 
these two so-called “fruit sugars,” or, as called above, “reducing 
sugars.” The third sugar found in fruits is sucrose, of which cane 
sugar, beet sugar and maple sugar are familiar examples. 

Some fruits, the peach particularly, are relatively rich in sucrose. 
The apple contains about 4 percent (about one-fourth of the total 
solids of the apple) and some grapes contain considerable sucrose also. 
During alcoholic fermentation, sucrose first and quickly disappears, 
then dextrose and finally most of the levulose. 

Thus in a fruit we may have three kinds of sugar present. The 
sucrose added, in the form of cane sugar or beet sugar, to a jam or 
jelly can not be differentiated from any sucrose naturally present in 
the fruit used. However, the sucrose coming from the fruit is a 
quite small proportion in a jelly or a jam made with 45 percent of 
fruit (containing from 85 to 90 percent fruit water) and 55 percent 
sucrose (cane or beet sugar), as called for in the legal standards. 
The bulk of the fruit sugars present will be levulose and dextrose. 

When sucrose (cane sugar, for instance) is heated in the presence 
of fruit acids, as is the case in jelly and jam manufacture, the sucrose 
is more or less decomposed (“inverted”) into equal parts of levulose 
and dextrose (known together as “invert sugar”) and thus it is that 
in a jelly or jam made with 50 to 55 percent of sucrose, upon analysis 
we may find only 10, 20, 25 or 30 percent of sucrose as such, ahd 
the reducing sugars” (levulose and dextrose, classed together as 
“invert sugar”) much more than the 45 percent of fruit would fur- 
nish. ‘ 


In analysis, the sum of the unaltered sucrose and the reducing 
sugars (usually reported in terms of “invert sugar”) is reported as 
the “total sugars,” which, subtracted from the total solids, gives us 

^pendlx for abstract of Bulletin by Tarr and Baker of tbp Unlveraltv of 
Delaware Bxpenmeiit Station, on effect of sugar in jelly manufactuk 
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the item known as “non-sugar solids.^’ By appropriate formulae, 
the “sucrose originally present’^ can be calculated and from a study of 
the percentages of non-sugar solids, soluble and insoluble solids, fruit 
acid, ash (residue from mineral salts of fruits) and alkalinity of the 
ash, an approximately correct estimation of the percentage of fruit 
originally present can be made. The item “insoluble solids” (absent 
of course in a clear jelly) comprises the cell- wall substances of the 
fruit and any seeds or skin tissue. 

A moderate degree of this altering of sucrose into invert sugar 
(equal parts of levulose and dextrose) by heating with the acid of 
the fruit is desirable, as it prevents crystallization, invert sugar being 
non-crystallizable; but too great an inversion gives a poor jelly or 
jam, one that is too fluid or in which the water of the jelly later 
separates. A good rule is to add the sucrose (cane or beet sugar) 
during the last half of the cooking, thus avoiding too much inversion 
into invert (reducing) sugar. Sucrose does not reduce an alkaline 
copper salt solution and is therefore not a reducing sugar, like levu- 
lose and dextrose. 

The Federal standard for legal products calls for the use of at 
least 45 percent fruit to 55 percent sucrose. If sucrose is first dis- 
solved to a thick syrup, evaporation must be allowed during cooking 
to compensate for this added water, of course. Thus, before adding 
the sugar syrup, the fruit juice or pulp could be boiled down, so that 
the loss of water exactly equaled the water added to the sugar. 
Then the 45-55 ratio would be preserved with perhaps less shrink- 
age of the finished batch. Considerable would depend upon the 
amount and quality of the natural pectin present. If the latter were 
deficient, a little concentrated (dry) pectin might be necessary, which 
under present rules, however, would have to be admitted on the label. 
If the product is noticeably substandard with respect to percent of 
fruit present, then such a use of pectin would result in its legal clas- 
sification as a “Pectin (Fruit) Jelly” (or Jam). Pectin-sugar prepa- 
rations in which just enough fruit is present to give a slight flavor 
must be labeled as “Imitation,” as said before. 

The fourth sugar that may be present in jellies and jams is com- 
mercial glucose, a mixture of water, gum dextrin and dextrose, re- 
sulting from heating starch paste with a trace of mineral acid. In 
Europe this is known as “starch syrup” or “starch sugar” (according 
to concentration) and has been called “corn syrup” here when made 
from corn starch paste. Such jellies and jams must be labeled as 
“glucose jelly” (or jam). For diabetic patients, a writer has re- 
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cently suggested jellies and jams made from fruit, pectin and sac- 
charin. Ordinarily saccharin (an organic chemical some 500 times 
sweeter than sucrose) is not allowed in food products. It has no 
food value, being merely a sweetening agent. 


Pectin Content of Certain Fruit Products 


At a recent convention of preserve manufacturers, complaint was 
made against the chemical profession, on account of the scarcity of 
good data on the pectin content of various fruits and fruit jtroducts. 
There are some published data in a widely scattered form and many 
more unpublished data in the possession of the experts of the IT. S. 
Bureau of Chemistry. Possibly the latter will be published in due 
time and it would appear that, if trade associations are interested 
in the matter, they should finance such an investigation tlunnsolves 
or else persuade the Bureau of Chemistry to publish data now already 
available. Such an -investigation is a long affair and consulting 
chemists can not be expected to carry it out as a “labor of love” 
and even an association chemist would have to devote most of his 
time for many months to such a study. 

The writer has access to some data, however, that may prove of 
interest. The commonest method of estimating pectin is by pr(H‘i])itat- 
ing by an excess of strong alcohol and under the term “alcohol precipi- 
tate” there are a number of published analyses of fruits and juioc.s, 
etc., which report the pectin thus, notably Bulletin No. 66 of the U.' 
S. Bureau of Chemistry. 

C. A. Browne, in his exhaustive analysis of the apple and it.s prod- 
ucts, reported 0.4 percent as the average pectin content of that fruit 
the range being from 0.2 to 0.6. ’ 


Table 11 gives the figures reported in Bulletin No. 66 and will give 

some idea of the range in different fruits and fruit juices and icllies 
and jams. 

The products were all of known purity and strength and were made 
mng before the use of commercial pectin preparations was heard of 
There seems to be no logical reason why an addition of a tiny per- 
centage of pectin to a fruit produce deficient in natural pectin (or a 
ba ch of an expensive pure fruit product, which for some reason doesn’t 

the wodurf-^” '"f so long as 

cedS tWeby''°* substandard in any way, so long as no fraud is con- 

Because the use of pectin has been abused (substituted for fruit 
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Table 11. Range of Pectin Content of Fruits and Fruit Juices, Jams and Jellies. 



Minimum 

Maximum 

PpYT-Pflt 

Average 

Blackberry (Fruit) 

0.61 

0.74 

0.68 

Cherry (Fruit) 



0.67 

CurVant (Fruit) 



0.80 

Red Raspberry (Fruit) 

0.70 

0.78 

0.74 

Strawberry (Fruit) 

0.48 

0.56 

0.51 

Black Raspberry (Juice) 

1.00 

1.62 

1.31 

Red Raspberry (Juice) 

0.65 

0.73 

0.69 

Strawberry (Juice) 

0.48 

0.69 

0.56 

Apple (Jelly) 

0.81 

1.30 

1.08 

Currant (Jelly) 

1.18 

3.36 

2.10 

Grape (Jelly) 

1.25 

2.49 

1.87 

Guava (Jelly) 

1.36 

1.59 

1.47 • 

Lemon (Jelly) 



0.73 

Strawberry (Jelly) 

0.89 

1.47 

1.18 

Raspberry (Jelly) 

0.77 

1.45 

1.11 

Apricot (Jam) 



1.14 

Currant (Jam) 



0.92 

Orange (Jam) 

0.54 

1.76 

1.24 

Peach (Jam) 



1.49 

Plum (Jam) 

1.09 

1.63 

1.36 

Strawberry (Jam) 


. . . 

0.90 


or sugar which should be present), it has gotten a reputation some- 
what akin to commercial glucose, and to require a statement on the 
label when a possible fraction of one percent has been added to a 
batch of good grade, legally pure jelly or jam, seems rather hard on 
the trade. 

There is considerable need of more data on the exact proportion of 
pectin in fruit products, in order to judge whether pectin is needed 
to get a perfect jelly. It is rather absurd, when various official agen- 
cies (State Agricultural Experiment Stations, etc.), are carrying on 
studies in jelly making and publishing the pectin, sugar and other 
limits necessary to get good jellies, etc., that another official agency 
(the U. S. Dept, of Agriculture) should be making labeling require- 
ments on standard products, which tend to discourage scientific jelly 
making. Of course, when pectin conceals fraud or substandard con- 
ditions, strict labeling requirements are desirable. 


Citrus and Apple Pectins 

The principal source of commercial pectin, so far, has been the 
apple pomace left from the manufacture of cider and cider vinegar. 
And it has been a very satisfactory raw material for the manufacture 
of pectin, as it is a cheap by-product or even considered as actual 
refuse in earlier times, to be disposed of at some cost of labor. 
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It is satisfactory also because the yield of pectin is fairly high 
and of good grade, having no disagreeable taste and having good 
jellying value. However, there are many other sources of pectin in 
nature and some of them are likewise by-products, liithcrto considered 
as waste material. The growth of the orange juice beverage industry 
and also by-products from lemons and grapefruit have furnisluKl large 
quantities of citrus peel and pulp, which somewhat recent iiu'csfigu- 
tions have shown to be quite rich in pectin of good jellying power, 
albeit .it has a bitter taste rather hard to remove. 

A quite thorough investigation of the manufacture and properties 
'of citrus pectins has been published by the United States D(q)artinent 
of Agriculture as Department Bulletin No. 1323, by Dr. Honu>r I ). 
Poore of the Bureau of Chemistry. In this iitvosligalion, tlu^ i>rop- 
erties of citrus fruit pectins were studied and methods of produc.tion 
compared. 

The best method of extracting the pectin was to heat the fiiudy 
ground peel or other citrus by-product with acidified water * and 
clarify the pressed out extract with kieselguhr. A pow'dered pectin 
preparation was prepared by the spraying process from this c'xtract 
(after concentration by freezing out water) and analyzed as shown 
in Table 12. 


Table 12. Powdered Citrus Pectin 


Moisture 

Acidity (as citric acid) 

Pectin 

Proteins 


Ash (mineral residue) 
Sugars 


Perccjnt 

3.62 

6.75 

43.70 

5.28 

9.14 

trace 


This powdered preparation was very bitter and gave a bitter taste to 
jellies in any_ proportion used. By washing sufficiently with strong 
alcohol, the bitter taste can be removed, but it is not a commercially 
practical proposition. The process of most promise consists of con- 
centratmg the extract to a paste, meanwhile washing by a continuous 
system with a minimum quantity of denatured alcohol. A standard 
jelly test for determining the quality of various pectins was developed 
and the proportions of citric acid, sugar and citrus pectin required 
to pe good jelhes were determined. The minimum limits to give good 
jelhes were, citric acid, 0.045 percent, citrus pectin 0.20 percent, and 
sugar (sucrose) , 37 percent. 

Samples of dried lemon, orange and apple pectins were prepared 

• Eooker advises 0.2 percent lactic add solution. 
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and compared chemically for the purpose of distinguishing between 
them. As will be seen (Table 13) no decided diiferences were found 
and no hope is held out of being able to differentiate them chemically. 


Table 13. Composition of Pectins. 


Apple Lemon Orange 


Percent — 

Moisture 1.12 3.64 8.14 

Ash (mineral salts) 0.70 5.42 5.90 

Alcohol ppt. (pectin) 96.72 89,90 81.76 

Methoxy Number 10.90 10.26 8.85 

Specific rotation +210.0° +206.5° +175.0° 


When calculated to the basis of alcohol precipitate (pure pectin) 
the differences between the methoxy numbers, specific rotation, sodium 
hydrate required for cold hydrolysis, pectic acid yield and yields of 
araban and galactan wei’e all very slight, suggesting that citrus pec- 
tin and pectin from apples are identical in chemical constitution. 

Presumably pectin prepared from apple by-products, particularly 
pomace, will continue to be the one most in use, but it is interesting to 
note, however, that other waste products of the fruit industry can 
be utilized and that citrus pectin, free from bitter flavor, is a commer- 
cially practical proposition, giving good results in jelly making and 
being evidently of exactly the same chemical constitution as apple 
pectin. It would be of interest similarly to investigate the by-products 
(skins, etc.) of the grape juice industry. 



Chapter 11. 

The Legal Chemistry of Vinegars.* 


Vinegar in General 


The use of vinegar for condimental purposes, particulnrly wine 
(grape) vinegar, is very ancient, possibly being contemporaneous with 
the utilization of wine itself. Practically any fruit juice capable of 
alcoholic fermentation can be converted into a vinegar by a subsiiquent 
acetic fermentation, which is also true of weak sugar syruiis and 
solutions of honey. Moreover, of course, the weak alcoholic b(5vcrag(^ 
obtained by fermentation of a malt beer wort (before the addition of 
hops) can be submitted to acetification to produce malt vinegar ; and 
a weak alcoholic spirit ("low wine”) distilled from a suitable fer- 
mented "mash” can likewise be submitted to an acetic fermentation, 
furnishing the so-called "distilled” or "spirit” or "grain” vinegar. 

Vinegar is essentially a dilute solution of acetic acid, but it must 
be remembered that it is the product of a definite fermentation, con- 
taimng appreciable quantities of certain solid and liquid substances 
derived from the material thus fermented, and that a solution of com- 
mercial acetic acid (as purchased in the chemical markets) reduced to 
proper strength can only be considered as an "imitation spirit vituigar” 
at the best, and as an imitation of a good spirit vinegar it would be 
a very poor makeshift. 

The constituents other than acetic acid which arc present, as well 
as the characteristic flavor, etc., of a true vinegar, depend of course 
upon the nature of the material which has been fermented into vine- 
gar. The four principal vinegars in use at present are: wine vinegar, 
resulting from the alcoholic and subsequent acetic fermentation of 
grape juice; cider or apple vinegar, from properly fermented pure 
apple cider; malt vinegar, from the alcoholic and subsequent acetic 
fermentation of an undistilled infusion ("wort”) of barley malt, or 
cereals ijose starch has been converted into sugar by use of malt; 
and spirit vmegar as mentioned above. A "dried apple vinegar” of 
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excellent quality can be made by extracting the sugars, etc., from 
dried apple products and properly fermenting the infusion thus ob- 
tained, very similarly to making a raisin wine from certain varieties 
of dried grapes. 

In addition there is more or less manufacture and sale of a sugar 
or syrup vinegar made from the alcoholic and subsequent acetic fer- 
mentation of solutions of syrup molasses, etc.; glucose vinegar from 
similarly fermented glucose solutions; honey vinegar from fermented 
honey solutions; and special fruit vinegars. Vinegars are now being 
made from the juice of pears, watermelons, oranges, raspberries and 
water extract of prunes. 

In some countries a certain vinegar is often so extensively used, 
or was so exclusively used originally, as to restrict the simple term 
^Vinegar^^ to that particular variety as, for example, malt vinegar in 
England, or wine vinegar in France, Italy, Spain, Greece, etc.; spirit 
vinegar in Germany. Each has become what might be called the 
'^national vinegar’^ of that country. In the United States the only 
vinegar known for years was cider vinegar, and among food inspec- 
tion officials it has always been customary to hold that when the 
customer simply asks for ^Vinegar,” cider vinegar is called for and 
should be furnished by the dealer. Thus the Federal food standards 
(Circular 136, Office of Secretary, U. S. Dept, of Agriculture) restricts 
the single term “vinegar^^ to indicate cider vinegar made from the fresh 
juice of apples. 

The artificial coloring of vinegar is prohibited by many State food 
laws. It can be readily seen that the coloring of a naturally colorless 
vinegar, as, for instance, spirit vinegar or glucose vinegar, is for 
fraudulent purposes only. In vinegar having a color naturally and 
where the use of added color conceals no adulteration, a more liberal 
view might be appropriately taken. Thus modern, quick, sanitary 
methods of handling crushed apples result in a very light-colored 
cider vinegar. The older, more careless processes resulted in a rich 
brown color as the standard to be looked for in buying circles. It 
would seem as though the use of a little burnt-sugar (caramel) color- 
ing should be permissible in such a case, for as it stands now the better 
vinegar of the two, submitted to a buyer, might be discriminated 
against, because of a pale brown or yellow color. 

Vinegars are subject to more or less deterioration depending upon 
age, purity and method of storing; it being possible for certain vine- 
gars, in time, not only to lose all their acetic acid, but to become 
actually alkaline in reaction. This deterioration is due usually to a 
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destructive fermentation caused apparently by bacteria of_ the Bac- 
terium xylinum type, as a cellulose-containing “mother” is usually 
formed. 

Bertrand (Comptes Rendus, 122,900) states that the well-known 
vinegar-flies {drosophila cellaris) which frequent places where fruit 
juices are fermenting, introduce the Bacterium xyliuum, Pasteui 
claimed that the acetic acid-forming bacteria themselves (Mycoderma 
aceti and Bacterium Pasteurianum principally), after converting the 
alcohol into acetic acid, consume the latter, forming carbon dioxide 
and water. Other investigators, (see reference in ^'Chemical Ab- 
stracts’’ Jan. 10, 1912, p. 101-2) have shown that certain molds also 
destroy acetic acid in vinegars. 

Vinegars are frequently found to have increased in acetic acid 
strength, due to their having been sent out into the market before all 
the alcohol of the fermented juice or infusion has been fermented into 
acetic acid. Some State inspection officials withhold a prosecution for 
low acidity, if there is suflScient alcohol present to ultimately yield 
the legally required percent of acidity. This is rather absurd, as the 
purchaser (housewife) wants vinegar for its acidity at time of sale, 
and not to keep until fermentation is complete. 

As is well known, the alcoholic fermentation itself is caused by 
various species of yeasts {Eumycetae) acting on certain reducing 
sugars through the agency of the ferment or enzyme, known as zymase. 
This zymase can be isolated from the yeast and used directly to in- 
duce alcoholic fermentation in solutions of reducing sugars, for in- 
stance levulose and dextrose. 

The constituents of a vinegar other than acetic acid which arc 
present vary, as said before, according to the nature of the fermented 
juice or infusion or- distilled spirit from which the vinegar has been 
inade. In distilled or spirit vinegar there is naturally very little solid 
matter, but in other vinegars, noticeably malt, cider and wine vine- 
gars, the proportion of solids is not only appreciable, but sometimes 
relatively high. These solid constituents may furnish some of the 
characteristic flavor of a vinegar, but the principal cause of flavor and 
odor (aside from that due to acetic acid itself) is the presence of 
certain fluid constituents of an ester nature, formerly called ''ethers”. 
In a well-aged cider vinegar the odor of the ester, known as ethyl 
acetate, is often quite strong; in fact the author knows of a case where 
the "vinegar stock,” or fermented cider, contained little or no alcohol, 
no acetic acid, but a considerable quantity of the esters, particularly 
ethyl acetate. 
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The greater proportion of all the vinegar sold in this country is 
made by tlu', so-called “generator process” or “quick process,” but 
there is no denying that a properly conducted cask fermentation, ex- 
tending over a period of a year or so, furnishes a superior product, 
j)articularly as concerns flavor, odor, etc. The use of selected yeast 
cultures for converting the original fruit juice into an alcoholic liquid, 
as is the custom in Europe, would no doubt offset some of the disad- 
vantages of the “generator process”; and by a cask fermentation would 
yield a magnificent product. 

In succeeding paragraiihs we will take up in turn each of the vari- 
ous vinegars, with especial reference to their chemical make-up, etc., 
as called for in the Federal food standards; together with some simple 
chemistry of the changes taking place in the fermentations and the 
general make-u|) of the raw materials subjected to fermentation. 

CiDEE OR Apple Vinegar 

In the Federal food standards as originally issued (Circular 136, 
Office of Secretary, IJ, S. Department of Agriculture), “vinegar” is 
considered as synonymous with “cider vinegar” or “apple vinegar,” 
tlie “product made by the alcoholic and subsequent acetous fermenta- 
tion of the juice of apples, is levorotatory, and contains not less than 
four (4) grams of acetic acid, not less than one and six-tenths (1.6) 
grams of apple solids, of which not more than fifty percent (50 per- 
cent) arc iMMluc.ing sugars, and not less than twenty-five hundredths 
(0.25) gram of apple ash in one hundred (100) cubic centimeters 
(20° G.) ; and the water-soluble ash from one hundred (100) cubic 
centimeters (20° C.) of the vinegar contains not less than ten (10) 
milligrams of phosphoric acid (PaOs), and requires not less than thirty 
(30) cubic centimeters of decinormal acid to neutralize its alkalinity.” 

In Food Inspection Decision 193, issued Sept. 15, 1924, this stand- 
ard was simplifuMl by eliminating all analytical limits except the re- 
quirement of “not less than four (4) grams of acetic acid.” To the 
official chemist is left the question of deciding if the definition part of 
the standard has been complied with, from a study of all data. 

The usual State standard in the past has been a very simple re- 
quirement of at least a certain acetic acid strength (usually 4.0 or 
4.6 percent) and at least a certain proportion of solid residue (varying 
from 1.5 to 2.0 percent) with very rarely a limit (0.25 percent) for 
ash (residue left upon properly incinerating the total solids) and a 
frequent prohibition of any artificial color. 
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More recently various States have adopted the former Federal 
standard complete and in the near future this may become universal 
throughout State food inspection. This standard needs some revision, 
which will come in due time. 

Vinegars are allowed, by regulations issued subsequent to the Fed- 
eral standard (see Food Inspection Decision 140, U. S. Dept, of Agri- 
culture) to be diluted to standard strength (4 percent ) ; but the label 
must plainly state the fact. Whether the water is added to the pomace 
after pressing once, or later in the process, makes no difference, the 
dilution must be indicated on the label. As dilution would reduce not 
only acid strength, but all other ingredients and analytical require- 
ments proportionately, as well, diluted vinegars will not be expected 
to comply with the analytical limits of the old Federal standard, except 
as concerns the acidity requirement, but, of course, mere dilution will 
not alter the relations existing between these other analytical items. 

Food Inspection Decision 140 also requires that the mixing of vine- 
gars made from different raw materials be indicated on the label by 
the use of the word “compound,” together with the names and pro- 
portions of the various ingredients; and products artificially colored 
or flavored, with harmless substances, in imitation of some particular 
kind of vinegar may be sold if labeled “Imitation Vinegar.” 

Concerning “second pressings,” the number of pressings used in 
making the juice is held to be immaterial provided the pomace is fresh 
or not decomposed by fermentation. Water used at this stage would 
have to be indicated on the label, as said above, and the use of press- 
ings from fermented pomace comes under the legal definition of “filthy 
and decomposed material” and can not be used at all. 

Food Inspection Decision 140 also provides for vinegar made from 
dried-apple products (skins, cores and “chops”) “by the process of 
soaking, with subsequent alcoholic and acetic fermentation of the 
solution thus obtained.” It is “not entitled to be called ‘vinegar' with- 
out further designation, but must be plainly marked to show the mate- 
rial from which it is produced.” The dried apple material must, of 
course, be clean and undecomposed. 

The vinegar made from soaking dried “chops” (which are the 
whole apple) will, of course, be a more complete duplication of cider 
vinegar, than that made from dried skins and cores, and is appropri- 
ately called “dried apple vinegar.” In fact, for a short time the term 
apple vinegar” alone was permitted for vinegars made from dried 
apple products, but generally speaking “apple vinegar” is synonymous 
with cider vinegar” and the indication on the label as to the condi- 
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tion of the apple material used is fair and proper and now officially 
required. During drying the natural flavoring ingredients of the apple 
arc largely lost and other slight changes occur, so that the alcoholic 
product and the subsequent vinegar are not just the same as cider 
vinegar, no matter if the usual analysis is the same. 

As concerns tlic old State standards, in the manufacture of cider 
vinegar, some very shrewd sophistications are practised, both inten- 
tionally and unwittingly, and the State standard of the past was 
utterly useless in detecting or preventing such, as acidity could be 
easily manipulated by means of commercial acetic acid or strong spirit 
vinegar and solids and ash could be furnished by almost any non- 
volatile substance. Even the restrictions of the original Federal 
standard have been evaded by factory chemists using apple jelly; 
and mineral salts which would furnish alkalinity and phosphoric acid 
values to the water-soluble ash ; and glycerin for the proportion of that 
substance which is usually looked for in official analytical work; and 
other shrewd scientifically guided adulterations. In fact, a complete 
legal purity analysis of cider vinegar now requires about three times 
as many items as mentioned in the standard. 

This Federal standard (in which grams per 100 cubic centimeters 
correspond very closely to percentage) was an attempt to fix limits 
with whicli only a straight apple (juice) vinegar would comply and, 
although it is faulty in certain respects, principally in the liberality of 
the reducing sugar limit, yet only an occasional shrewdly sophisticated 
sample will pass muster, and such crude adulterations as were possible 
under old State standards would never pass. This standard has now 
been adopted in full or in part by a number of State inspection de- 
I)artments, as said above. 

The first part of the Federal standard for cider or apple vinegar 
specifies a product made by certain fermentations of “the juice of 
apples” and, although many vinegar makers buy an already alcoholic- 
fermented “vituigar stock,” yet others carry through the process from 
the culture of the apple tree up to the finished product and, as a proper 
understanding of the Federal cider vinegar standard necessitates 
studying back as far as the apple juice, we will begin with the apple 
itself. 

The apple {Pyrus malus) belongs to the Pome class of fruits, and 
many different varieties exist. In France, Germany and England the 
culture of special varieties peculiarly adapted for the manufacture of 
cider is quite ancient and the utilization of the juice of these varieties 
in connection with pure cultures of yeasts and a general scientific con- 
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trol of the process has resulted in a beverage industry rivaling the wine 
industry itself. 

Alwood (Bulletin 71, Bureau of Chemistry^ U. S. Dept, of Agri- 
culture) has carefully studied the cider industry in England and con- 
tinental Europe and his observations lead us to believe that although 
our grape juice industry is fairly well developed, we have not as 
yet made a beginning in apple beverage manufacture, (aside from a 
few brands of mediocre quality high priced apple juice) in spite of the 
fact that the United States is one of the greatest apple raising coun- 
tries. This is due principally to three causes: first, but not so very 
important, being the absence of special cider apple orchards; second, 
the utilization of only the poorer apples for cider and vinegar manu- 
facture; and third, the utter lack of scientific methods, such as the use 
of pure yeast cultures, controlled fermentations, etc. 

In France in the year 1900 the manufacture of commercial high 
grade cider exceeded 647,000,000 gallons, while the value of the Eng- 
lish output annually (more than 100,000,000 gallons) is estimated at 
$15,000,000. Our apple crop is capable of great increase and the 
manufacture of high grade unfermented and fermented apple juice and 
cider vinegar might become a great and lucrative industry, particularly 
when our Federal food and drink laws are enforced to prevent fraud 
rather than exploit imaginary hygienic controversies. 

The chemical composition of the apple, while not so important for 
our purposes as the composition of the apple juice or must, is of inter- 
est, and the average analysis by Browne, who analyzed all the im- 
portant American varieties, is the most complete yet made (Table 14) . 


Table 14. Composition of the Apple. 


Water 

Percerxt 

0/< A 

Kedxicmg sugars (dextrose and levulose) . 
oucrose (ordinary sugar) . 

An 

Starch (absent in ripe apples) . . 

Cellulose 

Lignin 

Pentosan 


Pectins 

Malic acid (free) 

Malic acid (combined) . . 

Oil (fatty) 

Protein (N X 6.25) 


Ash (Mineral residue) . . 

Undetermined (tannin, etc.') . 



, the apple is made up principally of potassium carbonate 

(about 68 percent) and potassium and magnesium phosphates (about 
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22 percent), the significance of which will become plainer when we 
consider the total and soluble ash requirements of the apple juice, 
cider and cider vinegar standards. 

It is beyond the scope of this article to go deeply into the chemistry 
of the various chemical substances found in the apple. Briefly, the re- 
ducing sugars are a group of sugars capable of reducing an alkaline 
copper salt solution to cuprous oxide and they are usually estimated by 
means of this reaction. The two reducing sugars present in the apple 
are d-glucose (usually called dextrose), CeHi206, identical with grape 
sugar, and levulose, having the same formula and sometimes known as 
fruit sugar. 

The prefix d- refers to the optical effect of a solution of the sugar 
upon the plane of polarized light and is an abbreviation of dextro, 
meaning that the plane of polarized light is rotated to the right. 
Levulose, however, is levorotatory (rotating the plane of polarized 
light to the left) and as the levorotatory effect of levulose is greater 
than the dextrorotatory effect of the same quantity of d-glucose, the 
mixture of the two sugars in equal proportions (known as ^hnvert 
sugar”) is levorotatory; and in the apple and apple juice, where 
levulose predominates, the reading on the polariscope (an instrument 
for measuring the rotation of the plane of polarized light) is strongly 
levorotatory, as we will see. 

The sucrose in the apple is identical with sugar from sugar 
cane, sugar beets, etc. Its formula is C12H22O11; in solution it is 
dextrorotatory and, as sucrose, it is not directly fermented by the 
alcohol forming enzyme (zymase) of yeast, like levulose and d-glucose 
are. By means of an enzyme in the yeast known as invertase, it is 
soon converted into invert sugar (equal parts of levulose and d-glu- 
cose) and then ferments into alcohol and certain congeneric products. 

Starch is a complex carbohydrate related to the sugars, insoluble 
in water, and having the formula (CqHioOs)!!- It exists in the green 
apple in considerable quantity (about 4 percent) as microscopic globu- 
lar granules about 9 microns in diameter, but as the apple ripens it 
disappears, being in part converted by enzymes in the apple into 
sugars. The juice from green apples is slimy or turbid (due to sus- 
pended starch mainly) and on account of this and the deficiency in 
sugars, as will be illustrated by analysis later, is not at all adapted 
for cider or cider vinegar making. 

Cellulose has the same general formula as starch but is even more- 
complex, is insoluble even when boiled with dilute acid or alkali, and 
with lignin and the related pectocelluloses, both of which are sub- 
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stances closely related to cellulose, constitutes the materials which 
make up the cell-walls of the apple, the cells being the minute re- 
ceptacles containing the juice. The analytical item in food analysis 
known as “crude fiber” is mainly cellulose and the dried marc, or 
completely leached apple pomace (constituting about 2 percent of the 
apple) is about one-half cellulose. 

Pectins are soluble gum-like substances which under certain in- 
fluences cause apple juice to gelatinize or “set”, thus being of great 
importance in the manufacture of apple jelly. The principal acid of 
the apple is malic acid (oxy-succinic acid C 2 H 3 (OH) (COOHjo), the 
greater part being in free form, although a certain proportion is in 
the form of salts known as malates. Separated out and crystallized 
it forms a white, deliquescent solid substance of intensely acidulous 
taste. The sourness of a ripe apple is due entirely to its acid content 
and not to absence of sugars; frequently sour apples are found to 
contain more sugar than those tasting sweeter. The proportion of free 
malic acid present may range from 0.1 percent in the “Sweet Bough” to 
1.11 percent in the “Red Astrachan” and as high as 2 percent in a very 
green apple. 

The fatty oil of an apple is almost entirely a constituent of the 
seeds and this is true, to considerable extent, of the nitrogenous mat- 
ter, which is reported rather vaguely as “protein” or the percent of 
nitrogen multiplied by 6.25. The “imdetermined” matter in the pre- 
ceding analysis includes, besides tannin, acetaldehyde and the traces 
of esters from skins, etc., which furnish the apple odor and charac- 
teristic flavor. In the apple iso-amyl formate, acetate, caproate ami 
caprylate and geranyl formate and acetate arc the principal esters 
present, but in fermented juice products (cider and vinegar) other 
esters develop to give the bouquet which has much to do with deciding 
quality. 

Tannin or tannic acid is a rather interesting and important con- 
stituent, being the cause of the puckering effect of the crab-apple on 
mouth membranes, and, what is more interesting, the bitter-sweet taste 
of the French cider apple. In fact, the expert French cider manufac- 
turer ranks the tannin content of his apple next in importance to the 
sugar content and insists upon a minimum of 0.3 percent in the apple, 
and as high as one percent is tolerated. It assists in clarifying the 
juice products and tends to retard the alcoholic fermentation to the 
enhancement of the soundness and keeping quality of the cider. 

The American and German apples are decidedly deficient in tannin, 
but the Germans get around the difficulty by using a certain pro- 
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portion (one part in twenty) of the juice of the Speierling crab-apple 
{Pyrus or Sorbus domestica). The use' of a similar apple juice rich 
in tannin or even commercial tannin itself could easily remedy the 
tannin deficiency in American cider manufacture. 

Unless, however, a sufficient percentage of malic acid is present 
in the fruit and its juice (which is the case in American apples) the 
oxidation of the tannin by means of a special oxidizing enzyme (oxi- 
dase) may cause the juice to turn nearly black, a point which to a 
moderate degree might be considered advantageous by the cider vine- 
gar manufacturer, who usually wants a rich brown color in his product. 

A sweet apple juice with the right proportion of tannin would be 
a good color producing combination. The rapid browning of apple 
flesh after the contents of the apple cells become mixed, by cutting or 
crushing, is due, as stated before, to the oxidation of tannin by the 
enzyme (oxidase), which is prevented in commercial evaporated 
apples by exposing to the fumes of burning sulfur (sulfurous acid}. 

Regarding the variations in the proportion of sugars present in 
apples, some data are of interest, as on this item the yield of alcohol 
and, subsequently, acetic acid is directly dependent. The sugars, par- 
ticularly the sucrose (ordinary sugar), increase as the fruit ripens and 
decrease slightly as it over-ripens. Reckoning the reducing sugars 
and the sucrose as “total sugar,” the proportion present in various 
kinds of apples varies considerably. Some of the more famous French 
cider apples contain as high as 26.3 percent total sugar, the average 
for the Bramtot being 19 percent and for the Grise-Dieppois, 20.2 per- 
cent! The average for the French cider apples as a whole, however, 
is between 15 and 16 percent total sugar, which is only 4 percent more 
than the American apple average, and less than the average for our 
Golden Russet, which for ten samples was found by Browne to be 16.5 
percent. Crab-apples average about 11 percent total sugar. . 

We will now deal with the composition, etc., of the apple juice and 
its fermentation into cider, “hard cider” as commonly called in this 
country. Right here it is interesting to note that a “fruit juice” (“juice 
of apples” is the wording of the Federal cider vinegar standard, re- 
member) is defined in the proposed supplementary Federal standards 
as “the clean, unfermented liquid product obtained by the first pressing 
of fresh, ripe fruits.” The relation of this requirement to the utiliza- 
tion of “second pressings” in vinegar manufacture, we will endeavor 
to make plain. 

As said in preceding paragraphs, the sugars, particularly the 
sucrose (ordinary' sugar) increase as the apple ripens, the starch of the 
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green apple being largely if not entirely converted into sucrose. This 
indicates the desirability of using only fully ripened fruit in tlie prep- 
aration of an apple juice or must, as the juice from unripe fruit it< 
turbid and slimy (from suspended starch) and the alcoholic strength 
of the cider and subsequent acid strength of the vinegar are propor- 
tional to the amount of sugars present. 

The sucrose reaches a maximum at just about the same time that 
the starch in the apple completely disappears, although the propor- 
tions of various sugars present continue to change for several months 
during storage, to the enhancement of the cider and vinegar making 
value of the apple. The analysis of the ripe apple, in Table 14, 
shows an average sucrose content of 4 percent. Colby at the Cali- 
fornia Experiment Station reports as high as 7.8 percent sucrose, his 
average, however, being but a little over 4 percent. 

During storage after ripening, the sucrose, which has attained a 
maximum coincident with the disappearance of starch, gradually de- 
creases, being converted into reducing sugars (directly fermentable) 
so that, at a period from one to four months in common storage and 
as long as from fourteen to seventeen months in cold storage, the 
sucrose is found to be one percent or less and the reducing sugars 
about three to four percent higher, except after cold storage when the 
increase in reducing sugars seems to be somewhat less. 

Now as to the proportion of apple juice or must obtainable from 
apples. The usual French cider industry requirement in this respect 
is that the apple shall furnish at least 55 percent of its own weight of 
juice. Any one who has ground up apples in crushing or grating ma- 
chines and had tried pressing out the juice with the ordinary hand 
press, knows that only about one-half of the juice in the fruit can be 
obtained. 


It is practically an impossibility to rupture all the cells of the 
app e by finding or to extract all of the juice by pressure. With an 
80-ton hydraulic press at the Virginia Experiment Station, the best 
average was 70 percent of the weight of the apple recovered as juice. 
Moreover, as a considerable percentage of the weight of the recovered 
juice consists of solids in solution, the actual amount of juice left in 

rL'oS''^ '' percentage of weiglit 


Eight varieties of summer apples finely chopped and thoroughly 
pressed in a hand press gave an average of 53.2 percent juice and 43 3 
percent pomace, there being an unavoidable loss of 3.5 percent. For 
e even autumn varieties the juice recovered was (by weight) 53.9 per- 
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cent, pomace 44.0 percent, loss 2.1 percent. For nineteen winter vari- 
eties the juice recovered was 52.2 percent, pomace 45.6 percent, loss 2.2 
percent. Seven varieties of crab-apples gave 57.3 percent juice, 41.4 
percent pomace and 1.3 percent loss. Factory machinery will, of 
course, better these figures, yet it can be readily seen that a consider- 
able proportion of juice and valuable sugar substances may be left in 
the pomace, and if by saturating with cold or warm water and repress- 
ing a diluted so-called “second pressing” can be obtained, fairly rich 
in fermentable sugars, we see no reason why this should not be allowed 
to be judiciously used in diluting a rich first pressing juice intended 
for “vinegar stock.” Calculated as the percentage of total sugars of 
the apple remaining in the pomace, the average value for the above- 
mentioned summer apples was 47.1 percent; for the autumn apples 44.7 
percent; for the winter apples 41.7 percent, and for the crab-apples 38.8 
percent. In other words nearly half of the total sugar in the apple is 
lost unless diluted “second pressings” are utilized. 

The Federal standard for cider vinegar, preliminary to fixing a 
series of analytical limits, defines that vinegar as the “product made 
by the alcoholic and subsequent acetous fermentation of the juice of 
apples.” In the supplementary food standards, proposed but not yet 
proclaimed as official, a “fruit juice” is defined as the “clear, unfer- 
mented liquid product obtained by the first pressing of fresh, ripe 
fruit,” corresponding in name to the fruit from which it is obtained. 

Apple juice, apple must or “sweet cider” is defined and standard- 
ized as the “fresh fruit juice obtained from apples, the fruit of Pyrus 
malus, has a specific gravity (20° C.) not less than 1.0415 nor greater 
than 1.069; and contains in one hundred (100) cubic centimeters (20° 
C.) not less than six (6) grams and not more than twenty (20) grams 
of total sugars in terms of reducing sugars, not less than twenty-four 
(24) centigrams nor more than sixty (60) centigrams of apple ash, 
which contains not less than fifty (50) percent of potassium car- 
bonate.” The term “reducing sugars” was explained in preceding 
paragraphs and it was also pointed out that the ash of the apple 
contained on the average about 68 percent of potassium carbonate. 
This potassium carbonate requires a certain amount of an acid solution 
of standard strength (tenth-normal acid is usually used) to neutralize 
its alkalinity, hence the final analytical limit given in the former 
Federal cider vinegar standard (see Circular 136, Office of Secretary, 
U. S. Dept, of Agriculture). 

From the above facts it would appear that the unlabeled utiliza- 
tion of diluted “second pressings” is ruled out. As concerns apple 
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juice (^^sweet cider”) for beverage purposes, the “first pressing” re- 
quirement may be desirable and this probably applies to cider (so- 
called “hard cider”), the alcoholic fermented apple beverage, also. 
For the manufacture of apple vinegar (so-called “cider vinegar”), 
particularly for table purposes, where a low acid strength (4 to 4.5 
percent) is preferable, provision in the standards should be made for 
the unlabeled utilization of diluted “second pressings” (defined and 
standardized if necessary) and the Federal apple vinegar standard 
modified to accommodate such a practice. 

Some analyses of fresh pomace from different groups of apple 
varieties are shown in the accompanying table (Table 15). 

Table 15. Composition of Fresh Apple Pomace 

Sucrose Total 
Reducing {ordinary Sugars 

Moisture Sugars sugar) {as reducing) Tannin Ash 


Percent 

Summer apples (10 varieties) 

Maximum 85.10 6.69 4.78 10.50 0.01 0.44 

Minimum 80.25 4.33 1.70 7.00 .... 0.27 

Autumn apples (13 varieties) 

Maximum 85.10 6.85 3.85 10.90 0.09 0.61 

Minimum 7055 5.54 1.70 7.78 0.01 0.30 

Winter apples (19 varieties) 

Maximum 84.65 7.09 4.43 11.46 0.17 0.43 

Minimum 78.65 5.11 1.08 8.09 0.01 0.23 

Crab apples (7 varieties) 

Maximum 90.00 10.15 4.43 11.76 0.19 0.62 

Minimum 68.05 5.06 1.30 10.09 0.06 0.31 


We have gone into detail somewhat as concerns the composition of 
apple pomace, because it is upon these data that our contention rests, 
viz.; that in the manufacture of apple vinegar, at least, the use of a 
properly standardized diluted “second pressing” should bo provided 
for in the Federal food standards without labeling the vinegar as 
“diluted.” The above data are taken from a bulletin (No. 88) of the 
Bureau of Chemistry, U. S. Department of Agriculture, which means 
that at least one member of the Food Standards Commission was 
awa,re of the facts of the case. The total sugar (as fermentable re- 
ducing sugars) averages as follows for each of the above classes of 
apples, viz.: summer apples 8.66 percent, autumn apples 9.12 percent, 
winter apples 9.34 percent, and crab-apples 10.25 percent. Comparing 
these last figures with the rather liberal average analysis of the whole 
apple, as given in Table 14, we see an average reduction of but about 
2.5 percent in fermentable sugar value. 

As to the composition of apple juice or must (see above standard) 
hundreds of analyses are available and in one hundred analyses, rep- 
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resenting nearly a hundred varieties of American apples (see below) 
the writer was able to find but one sample (a rich Baldwin juice) that 
exceeded the specific gravity limit of 1.069 with none below the mini- 
mum in gravity and sugar content and ash and only seven samples 
showing 24 centigrams of ash, which is the minimum called for in the 
apple juice standard. 

The maximum and minimum values obtained in the one hundred 
analyses of pure apple juice are as shown in Table 16. 

Table 16. Composition of Apple Juice. 



Minimum 

Maximum 

Average 

Specific gravity 

1.042 

1.072 

1.055 



Grams per 100 

cc. 

Total solids 

10.16 

18.81 

13.61 

Reducing sugars 

4.67 

11.63 

7.20 

Sucrose (ordinary sugar) 

0.48* 

7.05* 

3.44* 

Total sugars 

6.74 

15.39 

10.79 

Tannin 

0.002 

0.214 

0.06 

Ash 

0.24 

0.37 

0.30 


In addition to these, some data on the acidity (as percent of malic 
acid) of apple juices are of interest. The range in the above one hun- 
dred analyses is from 0.073 percent in the Sweet Bough apple juice to 
1.15 percent in the Red Astrachan apple juice. An average would be 
about 0.55 percent malic acid. 

The maximum and average for tannin are both of interest, the 
latter because it demonstrates the tannin deficiency in American apple 
juices as compared with the French cider-making requirement of at 
least 0.2 percent tannin and the former as it shows that certain crab- 
apples, in this case the Red Siberian crab-apple, are up to or above the 
French cider-apple juice tannin requirement. As to the exact make- 
up of the reducing sugars present in apple juice, we have now con- 
siderable data.* 

A sample used in some fermentation experiments by Browne 
showed 7.4 percent levulose to 2.9 percent d-glucose. During the 
alcoholic fermentation the latter disappeared soon after the sucrose 
(ordinary sugar) present disappeared, but the levulose persisted in 
small proportion throughout the alcoholic and acetic fermentations, 
which explains the slight levorotatory polariscope reading, required in 

* Boffi in the Journal of Industrial S Engineering OhemUtrUt June, 1917, reports 
on juice from twenty varieties of apples showing the levulose to range from 5 to 8.5 
per cent and the d-glucose or dextrose to range from 0.5 to 3.5 per cent. Generally 
speaking there is usually somewhat over twice as much levulose always present as 
of dextrose. The sucrose (ordinary sugar) ranged from 0.03 to 3.6 per cent, an 
average being about 2.5 per cent. Mott in an earlier volume of the same Journal 
(Oct., 1911) i*eports the ratios between levulose and dextrose in pure cider vinegar, 
which we will refer to later in this series. 
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the Federal standard for cider vinegars, and always noticeable in such 
if care be exercised in the test. Certain cider bacteria select Icvuloso 
and destroy it, others select d-glucose (dextrose). In fresh apple juice 
Browne reports for eleven varieties of summer and winter apples a 
range of from —9.6° to —24.5° Ventzke, using a 200 millimeter tube, 
the average being about —18.0° ; a fairly high levorotatory reading. 

The analysis of a particularly rich juice from a green Baldwin api)le 
(Table 17) is of interest. Only very rarely would the juice from a 
green apple approximate these figures, which shows, aside from the 
undesirable turbidity, etc., the unfitness of unripe apples for cider vine- 
gar making. 

Table 17. Analysis of a green Baldwin apple juice. 


Appearance Slimy and turbid 

Starch (in the apple) 5.14 

Specific gravity 1.0174 

Total solids (in the juice) 11.36 

Reducing sugars 6.64 

Sucrose (ordinary sugar) 1.56 

Total sugars (after inversion) 8.28 

Malic acid 1.18 

Alcohol yield (sugars x 0.46) 3.81 

Acetic acid yield (alcohol x 1.20) 4.57 


The above alcohol and acetic acid yields are less than theoretical, 
but in actual practice the vinegar obtained from even such a rich 
juice as the above would in all probability be below standard. 

As concerns the analytical values on ^^second pressings” the writer 
has been able to find but one analysis (by Browne). Much dc^xauls, 
of course, upon how much water is used for wetting the pomace and 
how thoroughly the same is macerated with the water before re- 
pressing. 

Table 18. Analysis of “Second Pressing,” 


Specific gravity * 

Total solids 

Reducing sugars 

Sucrose (ordinary sugar) 
Ash (mineral residue) . 


1.0376 

Percent 

9.14 

6.87 

1.49 

0.20 


Such a juice as shown in Table 18 would furnish a 4 percent, pos- 
sibly a 4.5 percent acetic acid vinegar, but in total solids and ash the 
vinegar would, of course, be below standard. However, people buy 
apple or cider vinegar for the acid taste and apple flavor and bouipict 
and not for the two or three percent of mineral matter, gums, etc., 
that may be incidentally present. The utilization of diluted “second 
pressings ’ (standardized preferably) should by all means be allowed in 
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conjunction with straight apple juice in vinegar manufacture. Much 
of the diluted ^^second pressing’’ juice is now used in making cider 
jelly or, so-called “boiled cider/’ which in turn has been extensively 
used to fraudulently sophisticate true apple vinegar. 

Diluted spirit vinegar, reinforced with this jelly and possibly mixed 
with some true vinegar to furnish flavor, was for a long time con- 
sidered a very shrewd adulteration. Even yet the very liberal reduc- 
ing sugar limit in the original apple vinegar standard renders the prac- 
tice fairly safe if judiciously regulated. An analysis of cider jelly, by 
Browne, is shown in Table 19. 


Table 19. Analysis of a Cider Jelly 


Moisture 

Reducing sugars 

Sucrose (ordinaiy sugar) 

Malic acid 

Pectin 

Ash (mineral residue) . . 


Percent 

44.54 

49.50 

2.18 

3.61 

1.60 

1.39 


The manufacture of cider as a beverage of quality is considered 
by experts to be more difficult and to necessitate more careful control 
than the manufacture of most grades of wine. Only a very small pro- 
portion of what is sold as “cider” in this country has a claim to the 
name and a still smaller proportion, in fact what might be called a 
negligible quantity only, can be considered as a beverage of quality. 

In England and continental Europe, and in France particularly, the 
manufacture of high grade ciders constitutes an important industry, 
rivaling the wine industry. In 1898 over one million citizens of France 
were entered upon Government reports as cider manufacturers and 
from the apple crop of 190*0 more than 647,000,000 gallons of commer- 
cial good quality cider was produced, not taking into account that pro- 
duced for home consumption. 

We are not going so far as to say that the manufacture of a high 
grade cider is a prerequisite to the production of good apple vinegar. 
Compared with much of the dilute acid sold for condimental purposes 
in this country, a very poor apple vinegar is a superior article and 
commands a higher price. Yet it has been a matter of frequent men- 
tion in technical literature that the bulk of the apple vinegar sold in 
this country was just about on a par in quality with the cider made.: 
The causes, such as the utilization of rotten, unripe and generally 
inferior fruit and careless, unscientific, aye slovenly methods of manu- 
facture, have been dwelt upon in said literature so often that to repeat 
them here is impracticable. 
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A high grade cider may not be a prerequisite to the production of 
a fairly good grade vinegar, but as the acetic fermentation, as now 
conducted in rapidly acting generators, involves little more than the 
conversion of alcohol into acid, it will be admitted that the better 
the alcoholic fermented product (cider or “vinegar stock”) the better 
the condimental product (vinegar) will be. The vinegar obtained by 
the old fashioned cask method of fermentation was a superior product 
as regards flavor and bouquet, and to counteract the inferiority of the 
commercially necessary generator process, we must look more to the 
nature and quality of the apple juice, both fresh and alcoholically 
fermented. A cider, carefully made with well developed flavor and 
bouquet and passed through a clean, well controlled generator, may 
yield even a better product than the vinegar often made by the cask 
fermentation. 

It is impracticable to go into the manufacturing details of cider 
production here, as the technique and related details of the various 
methods of procedure in different countries would fill a good sized 
volume. To the would-be progressive cider and apple vinegar manu- 
facturer, however, the author can recommend several Government bul- 
letins to be had for the asking or, at the most, a nominal fee of a few 
cents, which portray in a truly fascinating way what has been accom- 
plished in France, Germany and England in the manufacture of cider, 
the methods in vogue (complete details) in each country and the 
results of experimental work in this country on scientifically controlled 
fermentation, utilizing the characteristically inferior apple juices 
available, or rather, allotted to cider and vinegar manufacture in 
America. 

These are Bulletins 71 and 88 of the Bureau of Ghemistry, U. S. 
Dept, of Agriculture, entitled “A Study of Cider Making in Franco* 
Germany and England,” and “The Composition of Cider as Deter- 
mined by Dominant Fermentation with Pure Yeasts.” The sole 
author of the first and the principal author of the second is Dr, Wil- 
liam B. Alwood of Charlottesville, Va., Enological Chemist of the 
Bureau of Chemistry. 

The first or alcoholic fermentation of apple juice is due, as is well 
known, to the activities of the yeast cell, and to quote Bulletin 71, "the 
quality of the resultant product depends upon whether desirable or 
undesirable organisms gain the mastery in the must (or juice) during 
initial fermentation. In order to insure the ascendency of the true 
yeasts in the early stages, and thus give them the control of the entire 
process of fermentation, there has recently been developed the practice 
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of sowing the must with pure cultures of yeast. Very often special 
races of yeasts are used to secure certain desired qualities of bouquet, 
etc., in the finished product. In Germany practically all the impor- 
tant factories employ these pure cultures.” Various fungi will convert 
sugar into alcohol, but the yeasts Saccharomyces cerevisiae are the 
true alcoholic fermentation organisms. False yeasts, such as the 
Apiculatus and other “wild” forms, are frequently the cause of unde- 
sirable fermentation results. In practical factory work it has not 
been found advisable to sterilize or even pasteurize the juice, as the 
finer natural fiavors, due to esters, etc., in the juice, are injured by 
attempts at sterilization.* If one sows a sufficient amount of a fresh 
culture of a strong yeast into the freshly expressed juice, a controlling 
or dominant fermentation is easily secured and the time of the alco- 
holic fermentation reduced one-half. 

The French method of racking off after the quieting down of the 
first or violent fermentation is preferred by Alwood to the German 
method of completely fermenting out the sugars before racking off. 
The latter method gives a better standardized product, but one lack- 
ing in the quality of the’ French products. The preferable temperature 
of the yeast fermentation is between 55° and 65° F., but is more 
rapid when between 65° and 75° F. 

The direct agents in the process are two enzymes produced by the 
growing yeast plants and known as invertase and zymase. The former 
converts any sucrose (sugar) into alcoholic fermentable sugars 
(invert sugar or reducing sugars) while the zymase is the alcohol and 
carbonic acid-forming enzyme. Various secondary reactions also oc- 
cur whereby small quantities of glycerin, succinic acid and certain 
aromatic products of flavoring value are formed. About one one- 
hundredth of the total amount of fermentable sugars present is utilized 
by the yeast cells for building up cell tissue. Certain nitrogenous sub- 
stances in the juice are also important as nutriment for the yeast 
plant. In the German fermentation industries, preparations of zymase 
are being used in place of yeast cultures. 

The theoretical reaction of alcoholic fermentation is chemically ex- 
pressed as follows: — 

C6H12O0 = 2 C^HsOH + 2 CO2, 

* In tlie Journal of Industrial and XJngineeHng Chomistru for April, 1925, the 
enological experts of the California State Experiment Station report very favorably on 
the use of sulfurous acid in the manufacture of fermented apple juices, showing 
that there are a more complete fermentation of the sugars, an increased yiold ol 
alcohol, a better flavor, more rapid clearing, freedom from lactic bacteria and later, 
in the acetic fermentation, a more rapid change of alcohol to acetic acid. The original 
article should be consulted for methods, etc. 
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or one molecule of reducing sugar yields two molecules of alcohol and 
two molecules of carbonic acid (carbon dioxide). According to this 
100 parts of the sugar should yield 51.11 parts of alcohol, 48.89 parts 
of carbon dioxide being given off. As said above, however, some of 
the sugar is utilized as food by the yeast and according to Pasteiu 
from 100 parts of reducing sugar can be obtained but 48.5 parts of 
alcohol and 46.6 parts carbon dioxide, about 3.3 parts of glycerin and 
0.6 parts of succinic acid also being formed.^ Kulisch reports from 
0.38 gram to 0.59 gram per 100 cc. of glycerin in ciders, the ratio of 
glycerin to alcohol being approximately 1 to 10. 

In actual practice the proportion of alcohol obtained is al)out 46 
parts (by weight) from 100 parts (by weight) of fermentable reduc- 
ing sugar. During the alcoholic fermentation of apple juice into cider, 
the acetic fermentation, due to certain bacteria acting on the alcohol, 
usually gets slightly started. More than 0.5 percent of acetic. a(vi(l 
will retard the alcoholic fermentation considerably and Lafar has 
shown that out of 15 different varieties of yeast, only three were able 
to cause fermentation, when the acetic acid exceeded 1 percent. This 
shows the folly of attempting to hasten the manufacture of vinegar 
by mixing fresh apple juice with vinegar, a practice not unheard of. 

The slight proportion of acetic acid formed during the alcoholic 
fermentation of apple juice probably accounts for the small amount 
of the reducing sugar, levulose, which escapes conversion into alcohol 
and, remaining in the finished product, gives the characteristic levoro- 
tatory polariscopic reading. The following synopsis of the alcoliolic 
fermentation of apple juice as determined by Browne shows the acetic 
acid to have reached the alcoholic fermentation restraining limit before 
all the levulose had fermented. 

As said previously, the sucrose (ordinary sugar) is first to dis- 
appear. The d-glucose (“grape’^ sugar or dextrose) soon follows 
suit, but, as described above, the levulose persists in small proportion 
to the end of the acetic fermentation. The pectin of the apple juice 
disappears almost completely during the above outlined fermentation, 
due possibly to sedimentation. During the last half of the process, 
the esters (formerly called ethers) begin to manifest themselves and in 
the above instance at the time of the highest alcoholic content, the 
“ester number” was equivalent to practically 0.1 percent ethyl acetate. 

One of the most interesting series of changes is that of the malic 
acid, the characteristic natural acid of the apple. At the end of the 

* The complete chemical reaction of alcoholic fermentation is Quite complex. Refer- 
ences can be fguna in OJiemioal Aug. 20, 1913, p. 2768, 
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Table 20. Alcoholic Fermentation of Apple Juice. 




Specific 

Total 


D-ylucose 

Total 

Date 

Gravity 

Solids 

Sucrose 

(Dextrose) Levulose Sugar 















Nov. 

16 

1.0577 

13.75 

2.93 

2.90 

7.38 13.36 

Nov. 

30 

1.0462 

12.25 

1.20 

2.86 

7.29 11.43 

Dec. 

16 

1,0331 

9.48 

0.50 

2.06 

6.28 8.87 

Jan. 

5 

1.0133 

5.92 

0.09 

1.21 

2.88 4.19 

J an . 

19 

1.0067 

4.53 

0.01 

0.44 

2.02 2.47 

Feb. 

16 

1.0013 

2.89 

0.00 

0.21 

1.17 1.38 

Mar. 

9 

0.9982 

2.24 

0.00 

0.07 

0.54 0.61 

Apr. 

3 

0.9968 

2.10 

0.00 

0.00 

0.30 0.30 

Mav 

4 

0.9969 

1.94 

0.00 

0.00 

0.24 0.24 

July 

27 

0.9959 

1.80 

0.00 

0.00 

0.11 0.11 




Acetic 

Malic 


Levorotation 



Alcohol 

Acid 

Acid 

Ash 

(400 mm. tube) 




Percent 



Nov. 

16 

0.43 

0.04 

0.43 

0.26 

—44.18® V. 

Nov. 

30 

1.67 

0.05 

0.43 

0.24 

—53.78 

Dec. 

16 

3.05 

0.06 

0.43 

0.24 

—50.45 

Jan. 

5 

5.32 

0.08 

0.40 

0.24 

—29.60 

Jan, 

19 

6.03 

0.09 

0.38 

0.24 

—18.80 

Feb. 

16 

6.70 

0.11 

0.30 

0.25 

—11.60 

Mar. 

9 

6.92 

0.11 

0.23 

0.25 

— 5.30 

Apr. 

3 

6.93 

0.17 

0.21 

0.25 

— 3.40 

May 

4 

7.00 

0.27 

0.21 

0.26 

— 2.30 

July 

27 

6.86 

0.52 

0.20 

0.26 

— 1.50 


above alcoholic fermentation it had decreased more than 50 percent. 
During the acetic fermentation it practically disappears, a properly 
fermented and aged cider vinegar containing none, a fact contrary to 
the general idea prevalent among cider vinegar manufacturers. 

This phenomenon is due to the activity of certain bacteria, 
especially Micrococcus malolacticus, which convert malic acid into lac- 
tic acid and certain volatile acids. Sterilization prevents this and a 
low fermentation temperature tends to retard it. The well known test 
with lead acetate solution, given by genuine cider vinegars and thought 
to be due to malic acid, is really due to other extractive matters of 
the apple. 

The proposed Federal standard for alcoholic fermented apple juice, 
or cider, defined it as “the product made by the normal alcoholic fer- 
mentation of apple juice and the usual cellar treatment, and contains 
not more than seven (7) percent by volume of alcohol and in one 
hundred (100) cubic centimeters (20° 0.), of the cider, not less than 
two (2) grams nor more than twelve (12) gram^ of solids, not more 
than eight (8) grams of sugars, in terms of reducing sugars, and not 
less than twenty (20) nor more than forty (40) centigrams of cider 
ash.» 
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This standard is absurd for “dry” ciders in several particulars, as 
will be evident from the subjoined analytical data representing maxi- 
mum and Tninimiim values reported in the Bureau of Chemistry bul- 
letins on cider of known normality and purity. The maximum limits 
for total solids and sugars tolerates the addition of much sugar for 
fraudulent purposes while the minimum limit for total solids would 
rule out many high grade ciders of known purity. The data in Table 
21 represent about 125 pure ciders. 


Table 21. Composition of Ciders (Apple Wines). 



Minimum 

Maximum 

Averaffo 

Specific gravity 

0.9959 

1.0398 

1.0086 

Alcohol (percent by volume) 

1.60* 

7.83 

5.19 


Grams 

per 100 cc. 


Total solids 

1.48 

10.81* 

3.72 

Sugar (as reducing) 

0.02 

7,46* 

1.69 

Acetic acid 

0.01 

1.96 

0.23 

Malic acid 

0.13 

0.55 

0.29 

Ash (mineral residue) 

0.18 

0.39 

0.27 

Levorotation (400 m.m. tube) 

-~0.18° V. - 

V. - 

-2.34“ V. 


* Characteristic of so-called “small ciders,” i.e., underfermonted. 


The averages for total solids and sugars are rather high, for fully 
fermented ciders particularly, due to the inclusion of data on under- 
fermented products. If the term cider is to be interpreted as “dry” 
cider (“hard cider”) and by “normal fermentation” is understood a 
complete fermentation, it would appear that the proposed Federal 
standard for cider needs considerable revision. For conversion into 
cider vinegar, a completely fermented product is desirable of course. 
Ciders from fermented pomace vary from a normal cider considerably, 
being high in pentosans, resulting from the fermentation of the apple 
cell-wall material, especially. An analysis by the U. S. Bureau of 
Chemistry showed alcohol 3.32 percent, total solids 6.44 percent, 
non-sugar solids 4.5 percent, of which 0.8 percent was pentosans, 0.5 
percent was lactic acid and the balance was ash, galactans, etc. 

By a “normal alcoholic fermentation” should be understood a com- 
plete fermentation of the juice into a so-called “dry” product contain- 
ing the minimum of unfermented sugars. In various ways, however 
such a complete fermentation is purposely or unintentionally pre- 
vented and the poposed Federal standard for cider is so set, as 
pointed out previously, as to accommodate a so-called “small’’ or 
underfermented cider containing relatively little alcohol and a larger 
percentage of sugars. Thus a contradiction exists in the standard 
for cider, which however is not taken into consideration in the standard 
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for cider vinegar. In other words, the analytical limits in the cider 
standard allow a product which when made into vinegar would be* 
illegal according to the cider vinegar standard. 

The fermentation of cider into vinegar consists of little more than 
a transfoi’mation of the alcohol into acetic acid under the influence of 
certain bacteria, notably Mycoderma aceti and Bacterium Pasteuri- 
anum. These bacteria require plenty of oxygen (air) and the fermen- 
tation proceeds best at a temperature of 65° to 75° T. The acetic bac- 
teria possess the peculiarity of forming a gelatinous enveloping mem- 
brane which coalescing forms a jelly-like film, known as “mother 
vinegar,” containing the bacteria imbedded therein. The Bacterium 
xylinum forms, by action on levulose, a particularly thick, cellulose- 
containing “mother” and appears to be concerned in the degenerative 
fermentation of vinegar, by which the acetic acid is destroyed and the 
resulting product even rendered alkaline in reaction. Certain acetic 
bacteria form lactic acid when alcohol is present. The same bacteria 
also attack malic acid. 

The reader is assumed to be familiar with the details and manipu- 
lation of the cask and “generator” methods of fermenting cider or 
“vinegar stock” into vinegar. The “generator” process requires but 
a very small fraction of the time required for a “cask” fermentation 
and for factory purposes is the only practicable method, of course. 

A superior product is claimed to be obtainable by the “cask” 
method, supposedly due to the aromatic by-products which are formed 
during the year or so required to complete a fermentation of cider 
into vinegar when left to ferment spontaneously in a cask or barrel. 
We are inclined to believe however that much of the “bouquet” is a 
result of the alcoholic fermentation and if the latter has been con- 
ducted properly a superior product is obtainable by a carefully regu- 
lated “generator” process. 

The chemical equation expressing the fermentation of alcohol into 
acetic acid is as follows: 


C2H5OH + 02 = CHsGOOH + H2O, 

or one molecule of alcohol plus one molecule of oxygen yields one mole- 
cule of acetic acid (CHaCOOH) and one molecule of water. Acetalde- 
hyde and acetal are formed as intermediate products. From 100 parts 
(by weight) of alcohol should be obtained theoretically 130.4 parts of 
acetic acid. In actual practice this yield is seldom if ever reached, 
even when the alcohol lost by evaporation in an overheated generator 
is allowed for. On an average 100 parts (by weight) of alcohol will 
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furnish about 120 parts of acetic acid. Acetic acid poisons mucous 
membranes when above 12 percent strength. 

The Federal standard for apple or “cider” vinegar calls for at 
least 4 percent of acetic acid. A frequent State requirement, and the 
customary and preferable strength for table purposes is 4.5 percent 
acetic acid. To obtain this strength, it is but necessary, according to 
the above, that the cider contain from 3.8 to 4 percent (by weight) of 
alcohol; and by reference to the synopsis of alcoholic fermentation, 
given previously, it will be seen that if a cider of that strength was 
submitted to acetic fermentation, a large percentage of reducing sugar 
and a high ratio of reducing sugar to total solids would be found in 
the vinegar, which, according to the original Federal standard, would 
condemn it (unjustly) as illegal. 

Most vinegar manufacturers allow the formation of as much alco- 
hol as possible in the cider or “vinegar stock,” of course, and the vine- 
gar obtained by careful acetic fermentation of such will average about 
6 percent acetic acid. To reduce this, by watering, to the desired 4.0 
to 4.5 percent acid strength is not only an illegal procedure, unless 
stated on the label, but may possibly bring the total solids, etc., below 
the legal minimum, especially in those states which have not yet dis- 
covered that a requirement of 2 percent total solids, in properly fer- 
mented eider vinegar, is a scientific absurdity. The alternative is to 
stop the alcoholic fermentation as outlined above and then be accused 
of having added unfermented apple material (boiled cider or apple 
jelly) to the product. Most manufacturers aim to get a maximum 
acetic acid yield, then dilute with water and label as diluted. If thus 
labeled, the Federal food inspection chemists ignore the standard for 
total solids. 

Another way in which an apple vinegar may be found to have a 
high reducing sugar value and ratio (to total solids), without the 
accusation of added jelly or boiled cider being true, is as a result of the 
acetic fermentation getting started before the alcoholic fermentation 
has finished, whereby the latter is stopped, with the result that a high 
percentage of reducing sugars is found in the vinegar. The not in- 
frequent practice of adding fresh apple juice to fermenting vinegar, 
with the false hope of hastening its fermentation into cider and later' 
vinegar, is also a cause of a high reducing sugar value. Yet another 
recently coming to the writer’s attention in connection with a con- 
templated Federal prosecution, is the presence of a preservative in 
an apple juice, which later it may be found necessary to convert into 
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vinegar, with the result that the complete fermentation of sugars into 
alcohol is prevented. 

In Table 22 is given a continuation of Browne’s synopsis of the 
alcoholic and acetic fermentation of an apple juice containing origi- 
nally 13.36 percent total sugars. 


Table 22. Acetic Fermentation. 


Levorotation 

Specific Total Total Acetic Malic (400 mm. 

Date Gravity Solids Levulose Sugar Alcohol Acid Acid Ash Tube) 

Percent 

July 27 0.9959 1.80 0.11 0.11 6.86 0.52 0.20 0.26 —1.50° V. 

Aug. 14 0.9965 1.53 0.11 0.11 6.66 1.11 0.17 0.26 —1.20 

Oct. 2 0.9988 1.48 6.01 1.77 0.16 0.26 

Nov. 27 1.0017 1.42 4.80 2.59 0.15 0.26 

Feb. 14 1.0037 1.40 4.54 3.67 0.14 0.26 

Apr. 20 1.0060 1.37 0.18 0.18 3.77 4.31 0.14 0.26 

July 31 1.0113 1.70 0.22 0.22 2,61 5.98 0.11 0.25 —1.20 

Final 1.0140 1,80 0.26 0.26 0.00 9.00 0.07 0.25 —1.20 


Somewhat more than a year later, after a degenerative fermenta- 
tion had set in, the acidity had decreased to 3.33 percent, the total 
solids had increased to 2.4 percent (due more or less to concentration 
in volume of vinegar) and the reducing sugar had increased to 1.2 
percent. The acetic bacteria themselves consume the acetic acid form- 
ing carbon dioxide and water, according to Pasteur, and the Bacterium 
xylinum, according to Bertrand, can convert the glycerin present into 
dioxyacetone, which reduces a copper solution and would be reckoned 
as reducing sugar unless corrected for in analysis. 

Certain molds, even when dead, have the property of destroying 
acetic acid in vinegars and there are several ways that the glycerin 
normally present in cider and cider vinegar can be partially lost, other 
than by being converted into dioxyacetone as mentioned above. Thus, 
in addition to the possibility of glycerin being oxidized to glyceric 
aldehyde, in generators where oxidizing conditions become too active, 
as pointed out by Ross, we know that certain fungi convert glycerin 
to citric acid; that Bacterium aceti and other acetic bacteria oxidize 
it to simpler compounds such as carbon dioxide and water ; and in bit- 
ter wines and ciders, the glycerin has been found to be converted into 
acrolein by certain bacteria. 

As said previously, the malic acid of apple juice and cider can be 
lost entirely, in a fully fermented vinegar, due to action of Micrococcus 
malolacticus, which converts malic acid to lactic acid. Acetic bacteria 
may also decompose malic acid into simpler compounds. Lactic acid 
is the chief non-volatile acid of cider vinegar. 
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If any dextrose (d-glucose) is present in the “vinegar stock” under- 
going slow fermentation, it can be converted into gluconic acid by 
Bacterium aceti, according to Brown and Boutroux; and traces of 
formic acid can also be formed during the acetic fermeutation, from 
the acetylmethylcarbinol always present. The maxiimun so far re- 
ported for this natural formic acid is 0.009 percent and the prescium of 
a greater proportion has been considered as proof of the addition of 
commercial acetic acid, which always contains more or less formic 
acid. 

The acetylmethylcarbinol mentioned above is the cliief constituent 
of the analytical item “volatile reducing substances” and is always 
formed in appreciable quantities (0.14 to 0.34 percent) during tlie 
acetic fermentation af apple, wine and probably other fruit juicic vine- 
gars. It reduces an alkaline copper salt solution, similar to reducing 
sugars, and is usually reported in terms of “invert sugar.” 

As to the make-up of the sugars, always present in cidcu- vinegar 
in small proportion, there seem to be some coutradietion.s in tlie litera- 
ture on the subject. In the above synopsis of acetic fermentation, as 
reported by Browne, the dextrose (or d-glucosc) had complididy dis- 
appeared by the time the acetic fermentation got started. Possibly 
this was due to the slowness of the cask fermentation employed in 
the experiment. Quicker methods using “generators,” etc., scHun to 
leave traces of dextrose, but there is, on the average, five times as 
much levulose present in cider vinegar as there is dextrose (sec 1912 
Report of the Mass. State Board of Health and Journal of Industrial 
and Engineering Chemistry for October, 1911). Wlien the dextrose 
begins to equal the levulose, and especially if it exceeds the levulose, 
there is good reason to suspect the presence of unfermented apple ma- 
terial, such as apple jelly or boiled cider. 

The proportion of non-sugar solids is a somewhat importa,nt item 
in modern vinegar chemistry, the Federal food insj)cction chemists 
claiming that the proportion present in a pure undiluted cider vinegar 
should never be less than 1.25 percent. It is, without dotd)t, a more 
reliable item than the percent of total solids, on account of the various 
ways in which the sugars in vinegar may be unusually high (see 
above) , but there are considerable data on samples of known purity to 
show that cider vinegars may show considerably less than 1.25 percent. 
Thus Hartman and Tolman, while in the Federal food inspection serv- 
ice, showed that in vinegars made from cider which had been stored 
for about one year there was a loss of approximately 50 percent of the 
non-sugar solids, due to precipitation of gums, pectin, etc.; one un- 
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diluted vinegar ultimately showing but 1.2 percent total solids and 1.1 
percent non-sugar solids. In some cask fermentation vinegars made at 
the New York State Experiment Station, the non-sugar solids showed 
less than 1 percent,, but in general it may be said that the non-sugar 
solids in the average cider vinegar will range from 1.2 to 2.9 percent, 
averaging about 1.9 percent. 

The ratio of the total ash of cider vinegar to the non-sugar solids 
is also of some legal analytical value, and will generally range from 
12 to 27 percent with an average of 19 percent. However, a low 
non-sugar content with a normal ash content will figure out as high 
as 30 or 31 percent, as in the stored cider vinegars mentioned above. 
The normal ratio of the sugars to the total solids of cider vinegar, is 
about 20 percent, but the range depends upon many factors and may 
be above the over-liberal 50 percent allowed in the former cider vine- 
gar standard and may be as low as 6 percent in a vinegar made from 
a very “dry’^ cider. The more commercially ejficiently the alcoholic 
fermentation is conducted, the less sugar there will be in a cider 
vinegar and the lower the ratio of sugar to total solids will be. 

As to the ^Touquet’^-producing substances in cider vinegar, we have 
not many data. Hartman and Tolman found from 0.8 to 0.9 percent 
of esters (as ethyl acetate) and in well aged fruit vinegars, the odor 
of ethyl acetate is often very strong. Probably some of the original 
esters of the apple, referred to previously, are also present in the 
finished vinegar. 

The pentosans have been previously referred to, and are always 
found in small proportion in cider vinegars. In vinegars made from 
the juice of fermented pomace or adulterated with a jelly made from 
fermented pomace pressings, the pentosans will show high, due to 
the fermentation of the apple cell-wall material into pentosans. Over 
0.25 percent pentosans in cider vinegar is suspicious. 

There is usually a little alcohol left unfermented in cider vinegar, 
ranging from 0.03 to as high as 2 percent (by volume) in a carelessly 
handled product. In ageing, it is desirable to have a little alcohol 
present to assist in the formation of esters for improving ^Touquet.” 

The former Federal standard for apple or cider vinegar defined it 
as “the product made by the alcoholic and subsequent acetous fer- 
mentations of the juice of apples, (which) is levorotatory, and contains 
not less than four (4) grams of acetic acid, not less than one and six- 
tenths (1.6) grams of apple solids, of which not more than fifty per- 
cent (50 percent) are reducing sugars, and not less than twenty-five 
hundredths (0.25) gram of apple ash in one hundred (100) cubic 
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centimeters (20° C.) ; and the water-soluble ash from one hundred 
(100) cubic centimeters (20° C.) of the vinegar contains not less than 
ten (10) milligrams of phosphoric acid (P^Os), and requires not less 
than thirty (30) cubic centimeters of deci-normal acid to neutralize its 
alkalinity.^' 

In Food Inspection Decision 193, issued Sept. 15, 1924, this stand- 
ard was simplified by eliminating all analytical limits except the re- 
quirement of not less than four (4) grams of acetic acid, lo the 
oflBcial chemist is left the question of deciding if the definition part of 
the standard has been complied with, from a study of such data as 
we have described. 

For practical purposes “grams per 100 cubic centimeters” may be 
read as percent in vinegars, where the specific gravity is so near that 
of water. 

The alkalinity of the water-soluble ash is due, as we have inti- 
mated previously, to the fact that the ash of the apple (and derived 
products) contains a large proportion (60 to 70 percent) of potassium 
carbonate; and the abov6 requirement for phosphoric acid in the 
water-soluble ash is based upon the fact that potassium and mag- 
nesium phosphates make up from 20 to 25 percent of the ash. 

The levorotatory reading in a polariscope, we have already pointed 
out, is due to traces of the reducing sugar, levulose, remaining in the 
finished vinegar. In a pure product, “apple solids” and “apple ash” 
are synonymous with “total solids” and “total ash.” 

Table 23 represents about 100 analyses of pure cask-fermentation 
and generator-made cider vinegars, before being reduced with water. 

Table 23. Cider Vinegar Analyses. 



Minimum 

Maximum 

Average 

Specific gravity C.) 

.. 1.0126 

1.0275 

1.0177 


Grams per 100 cc 


Acidity (as acetic acid) 

. . 3.24 

9.96 

5.21 

Non-volatile acid (as lactic) 

. . 0.05 

0.30 

0.18 

Alcohol (by volume) 

.. 0.03 

2.00 

0.35 

Glycerin 

.. 0.23 

0.46 

0.30 

Total solids 

.. 1.20 

4.45 

2.40 

Eeducing sugars (as invert sugar) 

.. 0.11 

1.12 

0.47 

Volatile reducing substances (as invert sugar) . . 

.. 0.14 

0.34 

0.20 

Non-sugar solids 

.. 1.00 

2.90 

1.90 

Pentosans 

. . 0.08 

0,22 

0.16 

Formic acid 

.. 0.0003 

0.009 

0.003 

Volatile esters (as ethyl acetate) 

.. 0.30 

0.91 


Total ash 

.. 0.20 

0.57 

0.38 

Soluble ash 

. . 0.17 

0.51 

0.34 

Phosphoric acid in soluble ash 

.. 0.007 

0.040 

0.017 

Phosphoric acid in insoluble ash 

.. 0.004 

0.032 

0.012 

N/10 acid to neutralize soluble ash 

.. 21.5cc. 

56.0CC. 

35.0CC. 

Levorotation (200 m.m. tube) 

. .—0.2" V. 

-3.6° V. - 

-1.4° V. 

Sugars in total solids 

.. 5.3% 

43.3% 

20.2% 

Total ash in non-sugar solids 

.. 12.0% 

30.0% 

19.0% 
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A glance at the above column of minimum values will show almost 
every item of the analytical limits of the former cider vinegar stand- 
ard to have been transgressed by cider vinegars of known purity. 
Only the property of levorotation and the very high 50 percent ratio 
allowed for “sugars in total solids'^ are not violated. In connection 
with the minimum for glycerin (reported by Hartman and Tolman) , 
there is good reason to believe that under certain somewhat abnormal 
conditions, a considerably lower figure may naturally result. The 
minimum acidity reported above is obviously abnormal and it may 
have been a deteriorated vinegar or an underfermented one. 

Browne gives an analysis of an underfermented cider vinegar 
(Table 24). 

Table 24. Analysis of an Underfermented Cider Vinegar. 


Specific gravity 

Acidity (as acetic acid) 
Alcohol (by weight) . . 

Total solids 

deducing sugars 

Total ash ' 


1.005 

Percent 

2.60 

2.21 

1.36 

0.16 

0.28 


Such a vinegar, if the acetic fermentation were allowed to be com- 
pleted, would be found to be up to standard. 

The methods of adulterating apple or cider vinegar are numerous. 
One of the commonest ways is the substitution of vinegar made by 
fermenting a water extract of dried apple products, such as dried 
“chops” and dried “cores and skins,” both by-products from the 
evaporated apple industry. If carefully made, the resulting vinegar 
(which, to be correctly labeled, should be called “dried apple vinegar”) 
will, of course, analyze much the same as a fresh juice apple or cider 
vinegar, and in itself constitutes often a very good vinegar, even 
though the natural ethereal flavoring matters of the apple have been 
lost by drying. It was usually detectable by testing for the sulfur, 
introduced during the drying of the apple by-products. When fac- 
tory chemists devised the scheme of removing the sulfur-acid salts 
with barium compounds (poisonous), the spectroscopic test for traces 
of barium was devised by the official chemists. 

The older methods of adulteration were usually crude, consisting 
of mixing apple jelly and other solid yielding material with commer- 
cial acetic acid or spirit vinegar. Then as the Federal standard be- 
gan to be enforced, factory chemists would add mineral salts to fur- 
nish “ash” and “alkalinity” and “phosphoric acid in the soluble ash” 
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and even the careful addition of glycerin has been practised since the 
inspection chemists have been testing for that. 

The Federal standard will detect the clumsy adulterations of early 
days, but is practically worthless for detecting the scientifically guided 
adulterations of later times. Only a more or less complete analysis, 
similar to the above, will show all possible forms of adulteration j al- 
though, if one has reason to suspect a certain form of adulteration, 
oftentimes one or two specific analytical items will sufiicc to reveal 
that special form of adulteration. The present-day legal chemistry 
and legal control of apple or cider vinegar is a very advanced subject, 
requiring much experience and knowledge of data and its interpreta- 
tion. 

Wine Vinegab 

As pointed out in our introductory note, certain vinegars are so 
extensively used, or were so exclusively used originally, in certain 
countries, as to have become what may be called the “national vine- 
gar” of that country. In fact, in food inspection circles it is customary 
to restrict the use of the single term vinegar to that particular national 
product; thus vinegar in America means cider vinegar only, and in 
France and Italy wine vinegar is the national vinegar. 

Just as wine itself is the oldest fermented beverage, so is wine 
vinegar the oldest type of vinegar. To go into the many details of 
manufacture involved in the production of the many varieties of wine 
from grape juice is beyond the scope of this article. The analytical 
data shown in Table 25 on the juice of the grape are according to 
Konig and others. See also Table 3A. 


Table 25. Analyses of Grape Juice. 



Minimum 

Maximum 

Average 

Specific gravity 

1.069 

1.2075 

Percent 

1.1024 

Total solids 

17.90 

48.47 

25.51 

Sugars (reducing sugars) 

12.89 

35.45 

19.71 

Acidity (as tartaric acid) 

0.20 

1.18 

0.64 

Ash (mineral residue) 

0.20 

0.63 

0.40 

Polarization (200 mm. tube) 



—5.5'’ V. 


Just as the poorer grades of applet are used for apple vinegar 
making in America, so are the poorer grades of grape juice and wine 
used for wine vinegar making abroad. 

Disregarding the effervescent wines (champagne) and the various 
wines which have been “fortified” with brandy or alcohol (port, 
Madeira and sherry) and in which acetic fermentation is impossible, 
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except after dilution, we may consider the following minimum and 
maximum analytical figures for wines: 


Table 26. Simple Grape Wines (700 analyses). 



Minimum 

Maximum 

Average 

Specific gravity 

0.990 

1.023 

Percent 

0.998 

Alcohol (by weight) 

4.00 

12.78 

8.93 

Alcohol (by volume) 

5.00 

15.79 

11.09 

Solids (“extract”) 

1.09 

9.69 

3.25 

Sugars (reducing sugars) 

0.03 

6.55 

0.73 

Glycerin 

0.46 

1.09 

0.59 

Acidity (as tartaric acid) 

0.49 

1.14 

0.68 

Ash (mineral residue) 

0.11 

0.74 

0.28 

Potash (K,0) 

0.07 

0.30 

0.09 

Phosphoric acid (PaOs) 

0.02 

0.05 

0.03 

Tannin and color 

0.02 

0.36 

0.21* 

Polarization (200 mm. tube) 

+0.6° V. 

■^18.6° V. 

—1.50° V. 


♦ 0.04 for white wines. 


The given maximum value for sugar represents a decidedly under- 
fermented (sweet) wine rather than a sugared (chaptalized) product. 
Chaptalizing, or the addition of sugar to the original grape juice 
(must) for the purpose of increasing the alcohol content, should not, 
by the way, be confused with the fraudulent practice so common in 
some countries, known as ^^gallizing,^^ or diluting the original juice with 
a thin sugar syrup. 

The Federal standard for grape wine is as follows: 

'^Wine is the product made by the normal alcoholic fermentation 
of the juice of sound, ripe grapes and the usual cellar treatment, and 
contains not less than seven (7) nor more than sixteen (16) per cent 
of alcohol, by volume, and in one hundred (100) cubic centimeters 
(20° C.) not more than one-tenth (0.1) gram of sodium chloride, 
nor more than two-tenths (0.2) gram of potassium sulfate, and for 
red wine not more than fourteen-hundredths (0.14) gram and for 
white not more than twelve-hundredths (0.12) gram of volatile acids 
produced by fermentation and calculated as acetic acid. Dry wine 
is wine in which the fermentation of the sugars is practically com- 
plete and should contain less than one gram (per 100 cubic centi- 
meters) of sugar, and for red wine not less than 1.6 grams and for 
white wine not less than 1.4 grams of sugar-free grape solids. Sweet 
wine is wine in which the alcoholic fermentation has been arrested, 
and contains not less than 1 gram of sugar per 100 cubic centimeters. 
The ash requirements for red wines is at least 0.16 gram (per 100 cc.), 
and for white at least 0.13 gram ” The proposed standard for grape 
juice is given in Chapter I. 
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In the data for grape juices given above Konig reports a product 
which, on the basis of grams per 100 cc., contained 42.5 grams of re- 
ducing sugars. This may have been a partially concentrated juice,* 
and the proposed limit of 28 grams per 100 cc. for reducing sugars is 
probably high enough. The standards for red and white wines, how- 
ever, do not accommodate a number of high-grade white wines of 
known purity in which the ash has been found below the legal limit 
of 0.13 gram per 100 cc. and both red and white wines in which the 
alcohol was considerably less than 7 percent (by volume). Some of 
the white wines below standard in ash took prizes at the Paris Expo- 
sition (see Bull. 72, Bureau of Chemistry, U. S. Department of Agri- 
culture), and a number of these, together with some of the red wines, 
also contained considerably more than the legal amounts of volatile 
acids. 

In both wine and vinegar, particularly the former, grams per 100 
cubic centimeters may be read as percent (by weight) for practical 
purposes. The former Federal standard for wine or grape vinegar 
defines it as “the product made by the alcoholic and subsequent 
acetous fermentations of the juice of grapes, and contains in one 
hundred (100) cubic centimeters not less than four (4) grams of 
acetic acid, not less than one (1) gram of grape solids and not less 
. than thirteen-hundredths (0.13) gram of grape ash. 

Similar to the standard for cider vinegar, this standard has re- 
cently been simplified by requiring only the acetic acid to comply 
with the limit, viz.: “not less than four (4) grams of acetic acid in 
one hundred (100) cubic centimeters (20° C.)” of the vinegar. 

It will be noticed that the standard reads “juice of grapes.” We 
have pointed out in connection with the apple vinegar standard the 
absurdity of insisting upon the use of straight apple juice (meaning 
first pressings only) for apple vinegar making, and in the present 
instance it is evident that the commission have overlooked the fact 
that a “second pressing,” made by macerating grape pomace with 
water and repressing, is in common use abroad for vinegar making. 
Moreover, the alcohol in the above average wine yields 10.7 percent 
acetic acid upon full fermentation, and may show as high as 15 percent 
acetic acid, either strength bemg entirely too high for table purposes. 
A diluted wine or a standardized “second pressing” is necessary for 
table fruit vinegar making, if dilution of finished product is to be 
avoided; also, if the use of selected pure cultures of wine-vinegar 

containln/ 62 ^ 8 "pCTeen?of^ r^ucing°^TOg^* analyse a grape juice concentrate 
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bacteria is to ever become practicable, it is necessary that the “vine- 
gar stock’' should not be too alcoholic. Perold {Centralblatt j. Bac- 
teriologie, 1909) has shown that only certain powerfully acidifying 
bacteria found in southern European wines can live in wines high 
in alcohol (12 to 14 percent by volume), and they are apt later to 
consume acetic acid and give a disagreeable aroma. 

Perold found but one and usually a specific variety of acetic bac- 
teria in each kind of wine. Certain forms when isolated give a par- 
ticularly fragrant vinegar, with wines of suitable strength. 

The process in general use for wine vinegar making is the Orleans 
process, somewhat similar to our own cask fermentation method, ex- 
cept that the “wine- vinegar stock" is added week by week in increasing 
quantities of from one-half to two and a half gallons until the original 
20 gallons of vinegar is made up to about 40 gallons. Then 20 gal- 
lons of product are removed, and at the end of every following week 
about 2 gallons are removed and an equal volume of “vinegar stock” 
added. A properly prepared cask will serve for six or eight years; 
then it must be thoroughly cleaned of accumulated yeast, tartar 
and “mother vinegar.” 

The vinegar as first removed contains some unconverted alcohol, 
which, however, on ageing, is converted to acid or aids in forming 
esters, etc., of aromatic value. The writer has heard of several un- 
successful attempts at making wine vinegar by the generator process 
in this country, but he is of the opinion that, if properly conducted 
with not too strong an alcoliolic “stock” the factory method in gen- 
eral use in America for making apple vinegar can be successfully used 
for grape vinegar also. 

The data (Table 27) on some laboratory made white wine vinegars 
of known purity show the Federal standard limits to be fair, as con- 
cerns white wine vinegar. Formerly, it may be mentioned here, spirit 
vinegar was known as “white wine vinegar” in the United States. 
Much of the small amount of supposedly true white (and red) wine 


Table 27 , Analyses of White Wine Vinegar. 



Minimum 

Maximum 

Average 

Specific gravity 

1.0129 

1.0213 

Percent 

1.0175 

Acidity (as acetic acid) 

4.44 

9.38 

7.38 

Total solids , 

1.38 

3.19 

1.93 

Reducing sugars — ' 

0.06 

0.46 

0.22 

Non-sugar solids 



1.71 

Ash (mineral residue) 

0.16 

0.69 

0.32 

Potassium bitartrate 

0.07 

0.36 

0.17 
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vinegar sold here is adulterated in various ways, so much so that the 
reputable wine companies have not felt encouraged to go into the 
regular manufacture of a product that ought to have a large sale 
among our European-born population. 

The analysis in Table 28 is given by Weigmann as the average 
of a number of analyses of red wine vinegar of known purity. 

Table 28. Average Composition of Red Wine Vinegar. 


Specific gravity 1.0143 

Percent 

Acetic acid 7.79 

Alcohol 1.19 

Glycerin 0.14 

Solids 0.86 

Potassium bitartrate 0.06 

Ash (mineral residue) 0.12 


The above data (average values) show the Federal standard limits 
for “grape solids” and “grape ash” to be entirely too high for red 
wine vinegars as made abroad for centuries. The further fermenta- 
tion of the alcohol in the above analysis would give a total of about 
-9.2 percent acetic acid, indicating a fairly strong grade of wines to 
have been used, which further shows the weakness of the wine 
vinegar standard, at least for red wine vinegars. 

Wine vinegars are usually slightly levorotatory. It is stated that 
formic acid is a normal constituent of wine vinegar, a point that must 
be kept in mind when judging if a wine vinegar is adulterated with 
commercial acetic acid, by means of the formic acid estimation. 
Inositol is also another normal constituent and is valuable for dis- 
tinguishing between wine and spirit vinegar. 

Malt Vinegar 

The most common vinegar of England, and one which is becom- 
ing well known and appreciated in America, is the product known 
as malt or beer vinegar. Just as the original and best beers were 
made from an infusion or wort extracted from malted barley, or 
a mixture of malted and unmalted barley, so are the best malt vine- 
gars made entirely from malt, and unmalted barley in which the starch 
has been changed to sugars by the action of malt. 

However, as is well known, much, if not most, of the beer of now- 
adays is brewed from a wort derived from the mashing of not only 
malt and various other cereals or cereal products, but from worts 
containing “glucose” (“brewer’s sugar”). The Federal standard for 
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malt vinegar (Circular 136, U. S. Department of Agriculture) does 
not recognize the utilization of ^^glucose” in preparing a wort for 
conversion into malt vinegar, but provision is made for the utilization 
of cereals other than barley, providing the starch of the same has 
been converted to sugar by the action of malted barley. 

In full the standard originally read as follows: “Malt vinegar 
is the product made by the alcoholic and subsequent acetous fer- 
mentations, without distillation, of an infusion of barley malt or 
cereals whose starch has been converted by malt, is dextrorotatory 
and contains in one hundred (100) cubic centimeters not less than 
four (4) grams of acetic acid, not less than two (2) grams of solids 
and not less than two-tenths (0.2) gram of ash, and the water soluble 
ash from one hundred (100) cubic centimeters of the vinegar con- 
tains not less than nine (9) milligrams of phosphoric acid (P 2 O 6 ), 
and requires not less than four (4) cubic centimeters decinormal acid 
to neutralize its alkalinity.” 

This has recently been simplified to require only that the acetic 
acid be “not less than four (4) grams in one hundred cubic centi- 
meters (20° C.)” of the vinegar. 

It is unnecessary, in connection with the malt vinegar standard, 
to go into a consideration of the chemistry of and legal requirements 
(standard) for beer. Calculations on high-grade malt vinegars, after 
allowing for a loss of acetic acid in the generator equivalent to 30 
percent of the theoretical yield, indicate the original malt infusion 
to have contained close to the 14.8 grams (per 100 cc.) of solid sub- 
stances in solution (about 65 percent of which is maltose) charac- 
terizing the so-called standard beer wort (specific gravity 1.057) of 
tlie British Inland Ilevcnue Act, Worts intended for beer fermen- 
tation, however, although capable of being ultimately converted into 
malt vinegar need not be considered here, as the vinegar-yielding fer- 
mentations are conducted usually in separate establishments and with 
less care. 

A properly prepared wort of barley malt alone will contain 
about 65 percent of the dry malt used, but malt alone is seldom, 
if ever, used. The best malt vinegars of England are prepared from 
mashing a mixture of barley malt and ungerminated barley, during 
which operation the enzyme diastase in the germinated barley 
(malt) acts upon the starch of both the germinated and unaltered 
barley to form the sugar maltose and a certain proportion of dextrin. 
Various other fermentations occur during the mashing stage, whereby 
soluble nitrogenous substances (peptones, amides, etc.) are formed 
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from grain proteins. Other cereals can be, and frequently aie, sub- 
stituted wholly or in part for the ungerminated barley, but the addi- 
tion of fermentable sugars (glucose) to the liquid wort, or infusion 
resulting from mashing, should not be practised. 

The alcoholic fermentation of the drawn-off wort consists prin- 
cipally of two enzyme-caused changes: First, the conversion of the 
maltose* to dextrose (d-glucose), and then the conversion of the 
latter into alcohol and carbon dioxide by the enzyme zymase of the 
yeast. Both operations go on simultaneously, and from 100 parts of 
maltose about 51 parts by weight of alcohol is obtained theoretically. 
A standard malt wort (sp. gr. 1.057) would contain close to 9.1 per- 
cent of maltose, and according to the above statement would yield 
a malt vinegar stock or gyle containing 4.64 percent (by weight) of 
alcohol This agrees well with the alcohol of English beer prepared 
from worts of standard specific gravity. 

One hundred parts by weight of alcohol yields 120 parts of acetic 
acid in a well regulated generator fermentation, and the above strength 
alcoholic liquor thus fermented would figure out 5.57 percent acetic 
acid strength. The average acid strength of the eleven samples of 
pure malt vinegar reported in Allen’s ^^Commercial Organic Analysis” 
was 5.5 percent, and three well-known. English brands analyzed by 
the author also averaged 5.5 percent acetic acid. 

It is probable that the use of generators in vinegar making origi- 
nated in connection with the manufacture of malt vinegars; at any 
rate the acetic fermentation is practically always thus conducted, 
but at a much slower rate than in American cider vinegar making, 
which enhances the value of the product. In the Hill-Evans & 
Co. establishment at Worcester, England, sometimes a month is re- 
quired to complete the acidification, the liquor being repeatedly dis- 
tributed by pumps over the bunches of birch twigs by which the oxidiz- 
ing fermentation is effected. 

Malt vinegar ranges in specific gravity from 1.013 to 1.023; there- 
fore, for practical purposes grams per 100 cubic centimeters can be 
read as percent. The proportion of solids is a little higher than in 
cider vinegar (but not 4 to 6 percent, as stated by Leach), and in 
addition to containing considerable nitrogenous matter, as explained 
above, it contains phosphates and frequently unconverted maltose and 
dextrin. 

Malt vinegar is the first vinegar that we have considered so far 
in which water other than that found in fruit is legitimately used. 

* Maltose appears to be incapable of direct fermentation into alcohol. 
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Table 29. Malt Vinegar (14 samples.) 


Acidity (as acetic acid) 

Total solids 

Nitrogen 

Ash t 

Total phos. acid (P^Os) 

PijOr. in soluble ash 

Deciiionnal acid required for soluble ash 

Polarization :{: 


Minimum 


2.88 
1.68 
0.095 
0.22 
0.057 
0.001 
3.2 cc. 
+0.6° V. 


Maximum 

-Percent 

6.61 
4.23 
0.120 
0.57 
0,130 
0.012 
24.9 cc. 
+2.9° V. 


Average 


5.50 

2,75 

0.102 

0.44 

0.080 

12.1 cc, 
+1.7° V.§ 


♦Grains prr 100 cc, t Itesuliie after biirnin^f, $ 200 mm. tube. § Three samples 
only. 


To make the original wort from the dry malt and other cereal prod- 
ucts water is, of course, necessary, and as the natural mineral matter 
in waters from wells, etc., varies greatly in nature and quantity, it 
will be seen that any requirements as to the soluble ash of malt 
vinegar and its alkalinity, etc., are inadvisable. Thus, the use of 
a water especially rich in lime salts (gypsum) would tend to reduce 
the natural alkalinity of the ash, due to soluble carbonates, and the 
phosphoric acid in the ash might be rendered entirely insoluble. 

The former standard limits for practically everything except total 
ash are violated by the above data on samples of malt vinegar of 
known purity. A requirement of at least 90 milligrams of nitrogen 
to 100 cc. vinegar would seem feasible, as the nitrogenous matter 
derived from the malted cereal is a characteristic and appears to 
vary within a comparatively small range. The dextrorotatory polari- 
scopic reading is probably due to dextrin, coming from the malting 
of the starch in the grain. The writer (and Dr. Chapman in Eng- 
land) has shown that the polarization of malt vinegar is sometimes 
naturally levorotatory, due to certain levorotatory proteins remaining 
undecomposed, in sufficient proportions to overcome the dextroro- 
tatory effect of the dextrin. Chapman thought that perhaps sometimes 
even the dextrin was completely fermented out during the prepara- 
tion of the gyle, leaving mere traces of proteins to account for a slight 
levorotatory polariscope reading in the finished malt vinegar. 

The use of commercial diastase for fermenting the cereal starch 
into malt sugar (maltose) might also be the cause of proteins re- 
maining undecomposed in sufficient proportion to reverse the polari- 
zation due to dextrin. Malt vinegars also show small proportions 
of unfermented sugars, Baily reporting from 0.08 to 0.9 percent. 
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Spirit and Stigae Vinegars 

From a chemical standpoint the vinegars wc are now to consider 
are comparatively simple in their derivation, formation and compo- 
sition; but with the steady increase in cost of the fruit-juice vinegars 
they have become very important commercial products. Spirit vine- 
gar, for instance, is practically the only vinegar now used for pickling 
and the preparation of condimental compounds like prepared mustarcl, 
catsup, meat sauces, etc. 

Spirit vinegar, distilled vinegar, or grain vinegar, as it is vari- 
ously called, is, as the name would imply, the product rt-sulting from 
the acetic fermentation of a weak alcoholic spirit distilled sui)posedly 
from an alcoholic fermented mash of malted or othcjrwise i)repared 
cereal substances, but also frequently from fermented molasses or 
other sugar residues. The true sugar vinegars, however, have not 
undergone any distillation process, but are made directly by the acetic 
fermentation of an alcoholic fermented solution (syrup) of sugar, 
or glucose, or honey. 

The Federal standard for spirit or distilled vinegar specifies it as 
the “product made by the acetous fermentation of dilute distilled 
alcohol, and contains, in one hundred (100) cubic centimeters (20° 
C.), not less than four (4) grams of acetic acid.” In spirit vinegar 
“grams per 100 cubic centimeters” corresponds very closely to per- 
cent' (by weight), which multiplied by ten gives us the customary 
“grain” system of acid measurement in use in trade circles. Thus 4 
grams per 100 cubic centimeters is 4 percent, or 40 “grains”; 4% 
percent would, of course, be 45 “grains,” and 10 percent would be 
100 “grains.” The usual strength at which spirit vinegar is sold by 
the manufacturers is 90 “grains” (9 percent acetic acid), the prod- 
uct being reduced later to the desired strength by the addition of 
water. For table purposes, 4 to 4.5 percent acetic acid is sufficient, 
and It would be interesting to know officially how criminal a pro- 
ceeding this dilution of the naturally prepared 9 percent vinegar to 
a lower strength before selling at retail is considered. The dilution of 
a naturally prepared 6 percent apple vinegar to the desired 4 or 4.5 
percent is officially frowned upon unless plainly stated on the label; 
w y should ^ not the addition of water to naturally prepared spirit 
vinegar be similarly regarded? The reduction of a valueless 2 percent 
0 gummy matter from the apple to 1.333 percent “apple solids” can 
not be the only explanation for the illogical exception. 

The author has tested samples of genuine spirit vinegar contain- 
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ing as high as 12 percent acetic acid, and it is probahle if the acetic 
bacteria charactei’istic of the strongly alcoholic wines of southern 
Europe were utilized in the generators that an acid strength as high 
as 15 percent naight be obtained. 

The specific gravity of spirit vinegar averages about 1.01, and 
in addition to aldehyde there is frequently present a little uncon- 
verted alcohol. The proportion of solids is insignificant and the 
polariscopic reading always zero. The natural color is a faint yel- 
low, some samples being nearly colorless. The following maximum 
and minimum results may be of interest: 

Table 30. Analyses of Spirit Vinegars. 

Percent 

Minimum Maximum 


Total solids 0.04 0.44 

Ash Trace 0.09 

Acidity (as acetic) 4.05 12.00 

Reducing sugars 0.02 0.09 

Alkalinity of soluble ash (cc. N/10 acid required) 0.8 cc. 2.8 cc. 


Spirit vinegar, in spite of its low price, is adulterated and some- 
times entirely substituted by solutions of commercial acetic acid, 
which latter can be bought of a strength as high as 99.9 percent acetic 
acid. The concentrated acetic acid of commerce is called “glacial 
acetic acid.” Diluted to proper strength it is sometimes more hon- 
estly sold as “imitation spirit vinegar,” and owing to its close chem- 
ical similarity to spirit vinegar, perhaps even the term “artificial 
spirit vinegar” would be sometimes considered proper. Generally, 
however, the resemblance to the flavor of a good spirit vinegar is so 
poor as to justify only the prefix “imitation” or suffix “substitute.” 

The most important of the sugar vinegars is the product now 
being sold to considerable extent as “syrup vinegar.” This results 
from the direct alcoholic and subsequent acetic fermentations of a 
sugar syrup (molasses can also be used, yielding a “molasses vinegar”) 
of suitable strength, and if a dark-colored syrup be used (an over- 
heated, slightly caramelized syrup, for instance) a fine color can 
be obtained in the vinegar resulting therefrom. Two samples re- 
cently analyzed by the author showed about 0.25 percent of un- 
changed sucrose (also a little reducing sugar) and, as is characteristic 
of sucrose solutions, the direct polarization is slightly to the right 
(dextrorotatory) and levorotatory after inversion. The Federal stand- 
ard requires at least 4 percent acetic acid in sugar vinegars. About 
0.15 percent “ash” results on burning the 0.5 to 0.8 percent of total 
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solids. A compound of spirit and molasses vinegar is sold consider- 
ably, having a natural brown color. 

The Federal standards also provide for a ''glucose vinegar,” the 
''product made by the alcoholic and subsequent acetous fermenta- 
tions of solutions of starch sugar or glucose, (which) is dextrorotatory, 
and contains in one hundred (100) cubic centimeters (20'' C.), not 
less than four (4) grams of acetic acid.” This vinegar frequently 
smells and tastes of fermented starch. The small proportion of solid 
matter consists of unchanged glucose, particularly the dextrin portion, 
and like glucose solutions generally, it is strongly dextrorotatory as 
concerns polarized light, both before and after inversion. The ash 
is mainly lime salts present in the glucose as a result of the i)r()cess 
of manufacture. 

In the southwest several successful attempts have been made at 
making a vinegar from a solution of honey. Owing to a deficiency 
in nutrients, particularly nitrogen, potassium and phosphoric acid, 
for the yeast plant, it has been found advisable to add to the dilute 
honey solution a small proportion of certain .chemical salts which, 
in conjunction with yeast cake, has been found to promote a rapid 
alcoholic fermentation. Several acceptable formulse are available. 
The honey "wine” is then racked off, mixed with some good vinegar, 
or inoculated properly with "mother vinegar,” and after an acetic 
fermentation of from four to six months at proper temperatures a very 
good honey vinegar is obtained. 


Miscellaneous Fruit Vinegars 

Vinegars can also be made from other fruit juices than apple 
and grape. A very good vinegar has been made in the northwest 
from prunes, and experiments at making a pineapple juice vinegar 
have proven quite successful. Probably the generator process could 
be used in the manufacture of honey vinegar, thereby effecting a 
great saving of time, and also probably in the manufacture of pine- 
apple and other new fruit juice vinegars. 

Recently a client of the author’s has made a very acceptable vine- 
gar from the juice of the watermelon. This tested as shown in Table 
31. 

The Federal food standards have fixed no analytical limits, as 
yet, for these new fruit juice vinegars, but the U. S. Bureau of Chem- 
istry has made a thorough study of the chemistry of orange and 
peach vinegars and, of course, the definition of such products would 
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Table 31. Watermelon Vinegar. 

Percent 


Acidity (as acetic acid) 4.60' 

Alcohol (by volume) 0.20' 

Total solids 1.01 

Reducing sugars 0.34 

Non-sugar solids 0.67 

Total ash 0.21 


be similar to that for apple vinegar, i.e., the ^^product made by the 
alcoholic and subsequent acetic fermentation of the juice'^ of the par- 
ticular fruit used. 

In the Journal of Industrial and Engineering Chemistry for De- 
cember, 1920, the Bureau of Chemistry describes two processes used 
to produce orange vinegar, one in a small way by a rolling barrel 
process, and the other on a commercial scale using the generator 
method. In the latter process, five different lots of oranges were used, 
two of sound fruit and three of frozen fruit. The details of procedure 
are too numerous to be given here and manufacturers interested should 
consult the original article or the U. S. Department of Agriculture. 
The orange vinegar made by the barrel process analyzed as shown 
in Table 32. 

Table 32. Orange Vinegar (barrel process). 



Grams per ICO 

CC. 


Lot 1 

Lot 2 

Lot 3 

Total acidity (as acetic acid) 

5.97 

5.52 

6.03 

Volatile acid (as acetic acid) 

5.09 

4.52 

5.06 

Fixed acid (as citric acid) 

1.03 

1.16 

1.13 

Alcohol (by volume) 

0.50% 

0.39% 

0.75% 

Total solids 

2.99 

« » • 

2.96 

Total ash 

0.48 


0.47 

Soluble ash 

0.40 


0.36 

Alkalinity of soluble ash (cc. N/10 acid required) 

45.1 cc. 


40.8 CC. 


Excepting the alcohol and the alkalinity of the soluble ash, the 
above results are in grams per 100 cubic centimeters, which corre- 
spond fairly close to percent by weight. The yield of acetic acid is 
good and is increased by approximately 1 percent of citric acid, the 
natural fruit acid of the orange, which, unlike the malic acid of 
apples, is not lost during the acetic fermentation and ageing. The 
flavor of the vinegar was characteristic and pleasant. 

Of more interest commercially are the data on the orange vine- 
gars made by the generator process. Table 33 gives the changes in 
composition, on two runs, from the fresh juice to the resulting 
vinegar. 
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Table 33. Orange Vinegar (generator process). 


Frexh 

Juice 


Total acidity (as citric acid) 1.14 

Total acidity (as acetic acid) 

Fixed acid (as citric acid) _. 1.12 

Volatile acid (as acetic acid) 

Total solids 13.39 

Total sugars (after inversion) 9.91 

Alcohol tby volume) 

Total ash 

Soluble ash 

Alkalinity of soluble ash (N/10 acid) . . . 


Lot 4 
Onmyc 

Oratii/e 

Vlne<jar 

nil US pi 

Fresh 

Juiee 

'V 100 ( 

Lot 5 
Ora/if/e 

Oranffo 

Vhuu/ar 

1.13 

1.14 

1.14 



4.74 



470 

1.03 

1.07 

i.ii 

1*07 

1.04 

0.09 

3.74 


0.07 

373 

3.64 

4.34 

13.49 

3.43 

4.02 


0,20 

9.87 


0.17 

5.73% 

0.43% 


575% 

0.37% 

0.48 

0.61 


0.46 

0,55 

0.38 

0.44 


0.37 

0.41 

51.2 cc. 

55.2 cc. 

. . . 

50.0 cc. 

53.2 cc. 


Compared with apple vinegars, these generator-iiuide orange vine- 
gars show low volatile acetic acid yield, but, as said above, tlie total 
acidity is brought up to an acceptable table strength by the approxi- 
mately 1 percent of citric acid remaining in the finished vinegar. 
This is also shown to be the case in the analyses of four lots (three of 
them before and after ageing), made by the generator process (Table 
34). 

Table 34. Orange Vinegar (generator |.)rocoss). 

Lot 2 Lot Lot J/ Lot 5 

2 mos. 9 mos, Fre^h JArenh 4 mos. Fresh 4 mos. 

Specific gravity (15.5° C.) 1.0209 1.0224 1.0277 1.0229 1.0240 1.0217 1.0225 

Grains per 100 cut — — , 

Total acidity (as acetic) . . 4.74 5.02 4.91 4.74 4.98 4.70 4,91 

Fixed acid (as citric acid) 1.00 1.00 1.20 1.07 1.07 1.04 1.04 

Volatile acid (as acetic).. 3.79 4.08 3.79 3.74 3.98 3.73 3.93 


Alcohol (by volume) 0.36% 0.07% 0.03% 0.43% 0.34%/ 0,37% 0 . 20 %/ 

Glycerine 0.25 0.22 0.24 0.22 0.23 0.21 0.21 

Total solids 3.82 4.08 5.26 4.34 4.50 4.02 4.12 

Reducing sugars 0.22 ... ... 0.29 , . , 0.24 

Non-sugar solids 3.81 ... ... 4.21 . . . 3.88 

Volatile reducing substance . . . 0.03 ... ... 0.04 . . . 0.01 

“Protein’’ (N X 6.25) 0.75 0.61 . . . 0.56 

Total ash 0.52 0.54 0.79 0.61 0.64 0.55 0.57 

Soluble ash 0.37 0.38 0.50 0.44 0.47 0.41 0.42 

Total P 2 O 5 in ash 0.045 0.046 0.053 0.039 0.042 0.035 0.036 

Alkalinity of sol. ash* 44.0 cc. 48.0 cc. 64.0 cc. 55,2 cc. 57.2 co. 53.2 cc. 54.0 cc. 

Alcohol precipitate 1.06 ... ... 1.12 ... 0.95 


Lead acetate test — all gave a very heavy precipitate. 
* Decinormal acid required per 100 cc. vinegar. 


It is interesting to note that the characteristic volatile reducing 
substance of apple vinegar (known as acetylraethylcarbinol) is prac- 
tically absent in orange vinegar and that the proportion of total solids 
and non-sugar solids is decidedly higher than in apple vinegar. 

A very interesting study of the Value of Peaches as Vinegar 
Stock’’ is reported in the U. S. Bureau of Chemistry Circular 61, by 
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H. C. Gore of the Division of Foods. A small generator 
and well flavored vinegars resulted, which however did not retain 
any of the distinctive flavor of the peach and which remained per- 
sistently turbid. Filtration with modern accessories, such as ^Tilter- 
Cel,” would probably have yielded clear products. The interested 
manufacturer should send for and consult the above-mentioned Cir- 
cular 51. 

Peaches are fairly rich in sugars and the different varieties do not 
differ much. Table 35 shows the range and average values of the juice 
from nine varieties used in the Bureau of Chemistry experiment. 


Table 35. Composition of Peach Juice. 



Minimum 

Maximum 

Average 

Specific gravity (17.5° C.) 

1.0508 

1.0596 

Percent 

1.0539 

Acidity (as malic acid) 

0.63 

0.85 

0.75 

Reducing sugars (as invert) 

2.21 

6.19 

3,93 

Sucrose (ordinary sugar) 

3.50 

7.15 

5.87 

Total sugars (as invert sugar) 

8.60 

10.87 

9.91 


The average of 9.91 for total sugars is about 1 percent less than the 
average for American apple juices and the average acidity of peach 
juice is about 0.2 percent greater than that of apple juice. However, 
as in the case of apple vinegar, a considerable proportion of the natural 
fruit malic acid is lost during the manufacture of peach vinegar. 

In the process used the peaches were pulped, leaving the stones 
therein, then fermented in loosely covered barrels or tanks and the fer- 
mentation was complete (at summer temperature) in three to four 
days. Pressing of the fermented pulp followed immediately and the 
peach “wine” flowed readily from the press, the ground peach stones 
apparently assisting the drainage of the press-cake. The yield of 
fermented juice was high, being above 80 percent of the ground fruit, 
and analyzed as shown in Table 36. 


Table 36. Peach “Wine” or Peach “Cider.” 


Specific gravity 

Minimum 

1.0076 

Maximum 

1.0132 

Average 

1.0107 

Total acidity (as malic acid) 

0.71 

Percent 

1.28 

0.95 

Volatile acid (as acetic acid) 

0.07 

0.58 

0.30 

Fixed acid (as malic acid) 

0.54 

0.69 

0.63 

Alcohol (by weight) 

3.52 

4.40 

4.07 

Total solids 

3.52 

4.94 

4.19 

Reducing sugars (as invert sugar) 

0.16 

0.62 

0.38 

Non-sugar solids 

3.32 

4.32 

3.81 


The average alcohol yield corresponds to 5.1 percent by volume, 
which is practically the same as for American apple ciders, and the 
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proportion of solids is distinctly higher in peach “cider.” The three 
samples of peach vinegar made from the nine l)atchos of fermented 
peach juice gave in one instance as high an acetic acid yield as the 
average for apple vinegars, but the average of 4.81 perc.ent, as a 
whole, is about 0.4 percent (4 “grains”) below the average for api)lc 
vinegars. The three samples tested as shown in Tal)le 37. 

Table 37. Peach Vinegars. 


Specific gravity 

Lot 1 

. . 1.0161 

hoi 

1.0227 

IM 

1.0231 

Awnim'. 

1.0206 

Total acidity (as acetic acid) 

,. 4.23 

Percent 

4.85 5.34 

4.81 

Volatile acid (as acetic acid) 

3.89 

4.78 

5.21 

4.62 

Fixed acid (as malic acid) 

. 0.34 

0.07 

0.13 

0.18 

Alcohol (by volume) 

. 0.25 

0.25 

0.03 

0.17 

3.36 

Total solids 

. 2.64 

3.81 

3.64 

Keducing sugars (as invert sugar) . . . 

. 0.44 

0.08 

0.84 

0.65 

Non-sugar solids 

. 2.20 

3.13 

2.80 

2.71 

Total ash 

. 0.30 

0.58 

0.58 

0.49 


Peaches are particularly subject to a brown rot caused by Monilia, 
which does not interfere with the alcoholic fermentation of i;he ground 
peaches, if not excessive, but which, however, does cause a large loss 
in fermentable sugars, and vinegar which was made from badly rotted 
peaches was deficient in acidity, and had disagreeable flavors and 
darkened quickly in the air. 

In general it was found that peaches contain sufficient fermentable 
sugar for use as vinegar stock and that they can be successfully han- 
dled by the regular vinegar factory equi])ment. 

Mention has been made of the possibilities of nudeing a vinegar 
from raisins. This would bear somewhat the same relation to wine 
vinegar that dried apple vinegars bear to cider vinegar, if whole 
raisins were used. However, the proposition advanced was to leach 
the sugar from the seeder waste (mainly seeds) , allow to ferment and 
distill a spirit for fermenting into vinegar. Such a product would be 
merely a “spirit” or “distilled” vinegar, which already is made from a 
variety of raw materials containing cheap sugar. The term “grain 
vinegar” should be distinct from the term “spirit vinegar” and applied 
only to vinegars made from spirits distilled from fermented cereal 
mashes and constituting a considerably higher grade vinegar. 


Dried Apple Vinegar 

Early in 1925 “Notice of Judgment 12367” was issued, announcing 
the complete victory by the Government, in the U. S. Supreme Court, 
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on the misbranding of vinegar m,ade from dried apple products as 
‘^Apple Cider Vinegar made from Selected Apples’’ (“Excelsior Brand,” 
etc.). “Notice” after “notice” has since been issued, reporting sub- 
sequent convictions for similar offenses, most of them against the 
same manufacturer, who had the monumental self-confidence to con- 
test the now famous, above-mentioned test case. Presumably these 
convictions are all for old shipments, made while the defendant was 
buoyed up with the confidence begot by a temporary victory (in the 
Circuit Court of Appeals) against the first lower court conviction. 

The author, many years ago, taking the view that the term 
“apple vinegar” had a broader significance than the term “cider vine- 
gar,” argued before the then chief of the U. S. Bureau of Chemistry 
for the privilege of using the term “Apple Vinegar”” for vinegar made 
from a water infusion of dried whole apples (“chops”) . The compara- 
tive excellence of the samples submitted and the very close similarity 
in chemical data to that of cider vinegar, were admitted by the Bureau 
chief, and, in later years, the trade was given the privilege tem- 
porarily of so designating vinegar made from dried apple. But that 
did not satisfy the manufacturer whose conviction finally settled the 
question. Unlike the client for whom the author had argued the 
matter, this manufacturer must go to the limit of absurdity, must so 
try the patience of the Government officials by his insistence upon 
using the term “cider vinegar,” for the dried apple product, that a 
Supreme Court decision resulted and a Food Inspection Decision was 
issued restricting both the terms “cider vinegar” and “apple vinegar” 
to vinegars made from the juice of fresh apples only. 

The following excerpt from the Supreme Court decision is worth 
reproducing, even at this late day, as it presents the essential facts of 
the controversy in a “nutshell.” How any Circuit Court of Appeals 
came to look at the matter differently is a mystery. It reads as 
follows: 

“The statute is plain and direct. Its comprehensive terms condemn every 
statement, design, and device which may mislead or deceive. ^ Deception may re- 
sult from the use of statements not technically false or which may be literally 
true. The aim of the statute is to prevent that resulting from indirection and 
amlDiguity, as well as from statements which are false. It is not difficult to 
choose statements, designs, and devices which will not deceive. Those which are 
ambiguous and liable to mislead should be read favorably to the accomplishment 
of the purpose of the act. The statute applies to food, and the ingredients and 
substances contained therein. It was enacted to enable purchasers to_ buy food 
for what it really is. United States v. Schider, 246 U. S. 519, 522; United States 
V. Lexington Mill Co., 232 U. S. 399, 409; United States v, Antikamnia Co., 231 
U. S. 654, 665. , . 

“Th© vinegar made from dried apples was not the same as that whiph would 
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have been produced from the apples without dehydration. The dehydration took 
from them about 80 per cent of their water content — an amount in excess of two- 
thirds of the total of their constituent elements. The substance removmd was 
a part of their juice from which cider and vinegar would have been made if 
the apples had been used in their natural state. That element was not replaced. 
The substance extracted from dried apples is different from the pressod-out 
juice of apples. Samples of cider fermented and unfermented made from fresh 
and evaporated apples, and vinegar made from- both kinds of cider were submitted 
to and examined by the District Judge who tried the case. He found that there 
were slight differences in appearance and taste, but that all had the a,i)pearanco 
and taste of cider and vinegar. While the vinegar in qu(\stion made from 
dried apples was like or similar to that which would have been prodiuaal l)y the 
use of fresh apples, it was not the identical product. The added water,’ con- 
stituting an element amounting to more than one-half of the total of all in- 
gredients of the vinegar, never was a constituent ekunent or jiart of the a,pi;)Ics. 
The use of dried apples necessarily results in a different product. 


‘Tf an article is not the identical thing that the brand indicadns it. to be, 
it is misbranded. The vinegar in question was not th(^ idcmtical thing that the 
statement, ‘Excelsior Brand Apple Cider Vinegar made from S(‘hH*.t,('d api)l{\s' 
indicated it to be. These words are to be considered in view of the admittcal 
facts and others of which the court may take judiciid notice. The words 
‘Excelsior Brand,’ calculated to give the impression of suporioT’ity, ma,y bo put 
to one side as not liable to mislead. But the words, ‘apide (*ider vinegar made 
from selected apples,’ are misleading. Apple cider vinegar is made from appk', 
cider. Cider is the expressed juice of apples and is so popiilarlv and generally 
known. See Eureka Vinegar Co. Gazette Printing Co., Fed. 570; Hildick 
Apple Juice Co. v. Williams. 269 Fed. 184; Monroe Cider, Vinegar & Fruit Co 
i;. Riordan, 280 Fed. 624, 626; Sterling Cider Co. v. Casey, 285 Fed. 885. affirmed 
294 Fed. 426. It was stipulated that the juice of uneviporated apjiles when sub- 
jected to alcoholic and subsequent is (‘ul.il.k'd to the name 

‘apple cider vinegar.’ The vinegar in question was not tl;i(^ saim^ as if made 
from apples without dehydration. The name ‘apple (uder vinegar’ irududiul in 
the brand did not represent the article to be what it really was; and, in (fff(‘ct, 
did repre^nt it to be what it was not — vinegar made from fresh or uneva])orated 
apples. The words ‘made from selected apples,’ indicate that the apples vised 
were chosen with special regard to their fitness for the purpose of making apple 
cider vinegar. They give no hint that the vinegar was made from dried apples, 
or that the larger part of the moisture content of the apples was eliminated and 
water substituted therefor. _As used on the label, they aid tlio misrepresentation 
made by the words apple cider vinegar.’ 

misrepresentation was in respect of the vinegar itself, and did not relate 
to the method of production merely. When considered independently of the 
product, the method of manufacture is not material. The act requires no dis- 
closure concerning it. And it makes no difference whether vinegar made from 
dried apples is or is not inferior to apple cider vinegar. 

was misleading as to the vinegar, its substances, and ingredients. 

1 he tacts admitted sustain the charge of misbranding 
‘ Judgment reversed.” 


As to other ingredients than apple water being removed by drying 
the apple products (frequently only cores and skins from the evapor- 
ated apple industry) testimony was not offered, but it could have been 
pointed out that in the drying process the volatile esters, to which the 
apple odor is due, were necessarily lost. 

Dried apple vinegar, made from “chops” (small, whole apples, not 
merely cores and skins), is an excellent product, which, even though 
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now deprived of the privilege of being called ^^apple vinegar/^ can still 
find a market. But illogical obstinacy has not helped it any. 

The author’s argument in favor of the privilege of calling it “apple 
vinegar” was based upon the fact that dried (“evaporated”) apples 
are extensively used in the manufacture (in the home and in the 
restaurant trade) of apple sauce and apple pie, for which no one has 
ever suggested the terms “dried apple sauce” or “dried apple pie.” 

Hints on Vinegak Buying 

In the food trade, as in any other field of activity, new conditions 
call for new methods and precautions. Vinegar adulteration, as once 
practised, has changed materially. Apple jelly and dilute acetic acid, 
or spirit vinegar, once were considered a shrewd adulteration, but are 
now seldom resorted to. Allowing apple pomace to ferment, wetting 
with water and repressing was once considered a legitimate method 
of obtaining more apple “juice”; now the fermenting of pomace is 
officially frowned upon (as yielding a “decomposed” apple juice) and 
water added at the pressing stage must be admitted on the label just as 
much as if added to the finished vinegar. 

There is no need of going through the whole list of changes in 
the style of adulterations practised; in fact adulteratoi's are always 
a little ahead of official inspection chemists, as the latter must first 
discover the new style of adulteration being practised before they 
can exert any control of it. Briefly, therefore, we will merely give 
hints to buyers, etc., as to what to be on the lookout for, and other 
details, dealing with quality and grade, in addition to legal purity. 

Perhaps the first thing to be on guard against is the presence of 
vinegar “eels.” • These render products turbid and convey a very un- 
favorable impression when discovered by the consumer. The cus- 
tomer may be temporarily interested in watching the aimless wriggling 
of the tiny creatures, but when he buys vinegar for a cruet on the 
table, he is not interested in getting an aquarium incidentally. Worst 
of all, vinegar “eels” cause a steady decrease in the acidity and gen- 
eral quality of vinegar, as they feed upon constituents in the vinegar 
and breed fairly fast. 

The second precaution is to guard against the incipient decomposi- 
tion flavor. Vinegars made froni clean, sound apples by clean methods 
will retain their virgin flavor (or improve on it) for many months. 
Vinegars made from “culls” (partially rotten and dirty apples), or a 
good “vinegar stock” run through a generator infected with foreign 
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micro-organisms, will soon show signs of a progressive deterioration 
and spoilage; and after a varying interval of time will become actually 
offensive in flavor, appearance and odor. In fact, infected vinegars 
can lose character and acid strength so steadily as to ultimately be- 
come actually alkaline in reaction. A number of occasionally infect- 
ing bacteria, etc., rapidly consume the acetic acid of vinegar. 

If the buyer will but let a submitted sample of vinegar stand in a 
fair place (not too hot, nor too exposed to air by opening often) for 
a week or so, he can easily judge whether decomposition is taking place 
and an experienced buyer can detect even the first (incipient) changes 
along these lines. 

Probably the next important item is acidity, as this is mainly tlie 
basis of price adjustments and constitutes especially the “strength” of 
the vinegar in popular parlance. To be sure, we should look for 
strength of apple flavor (or grape flavor in a wine vinegar, etc.) as 
well as acidity, but whereas the former must be judged largely by 
organoleptic methods (nose, tongue, etc.) we have exact chemical tests 
for determining the acidity. The author, long ago, took the regular 
official acidity testing method and put it in an exact, very easy, safe 
form for a layman to use, so that even a simple laborer in a factory 
can get the same exact result that the most experienced official chemist 
would report. 

The most important thing to remember about the acidity of a 
vinegar is that most of the vinegar shipped is “reduced” (diluted) 
vinegar and is sold as near to the 4 percent (40 “grain”) minimum 
limit of the legal standard as the shipper can judge it. The 4 percent 
limit was never intended as a selling standard, but it has become such. 
It was fixed as a legal minimum below which no normal vinegar would 
ever naturally go. Vinegar was supposed to be sold up around an 
average acidity strength (between 4.5 percent and 5.5 percent) and 4 
percent was fixed upon as a figure below which the slightest deficiency 
warranted a prosecution. Thus we have the vinegar trade using as a 
selling standard a legal minimum standard, below which any test that 
an official inspection chemist feels sure of, warrants a prosecution. 
This is a dangerous proposition and calls for very exact testing, both 
as to method used and experience in the use of that method. ’ The 
author has always advised his clients (even those using the Brooks 
Official Acidity Tester referred to above) to sell, after carefully test- 
ing, at least^ 4.2 percent (42 “grains”) and any buyer who does not 
know that his vinegar shows at least that strength is inviting trouble 
for himself and his customers, the retail grocers. Four and five- 
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tenths percent is an acceptable “table strength” and should supersede 
the present dangerous selling standard (4 percent) now being used. 
Wine and malt vinegars naturally average higher than cider (apple) 
vinegar and are usually sold at their average strength, but for some 
reason the cider vinegar shippers prefer to curtail the production and 
sale of apple cider vinegar by selling some water instead at a lower 
price. 

The next thing for the buyer to guard against is the substitution 
of dried apple vinegar for cider (apple) vinegar made from fresh 
juice. If imsulfured dried apples (or cores and skins) were used and 
the same proportion of water as originally present was restored, the 
product would be a hard thing to identify by chemical data, but, of 
course, the original volatile “bouquet” of the fresh juice is lacking 
(due to loss of apple esters during drying) and an expert buyer can 
usually detect the difference. The chemical detection is at present 
based mainly on the presence of sulfates (coming from the sulfur), 
or of barium when the latter has been used to get rid of the sulfur. 
Of course, all up-to-date buyers now know that the Government 
finally won the erstwhile celebrated case and that vinegar made from 
dined apple products cannot be called cider or apple (without prefix 
“dried”) vinegar. 

Other adulterations, many of them quite shrewd and scientific, are 
in use, and to detect these the buyer must depend upon an experienced 
vinegar or food chemist. The analysis and the interpretation of 
analytical data of vinegars is a proposition calling for much ex- 
perience, and to send a sample to the nearest chemist, irrespective of 
his specialty, is usually a fee thrown away.* 

In spirit vinegars, the buyer should distinguish between those made 
from cereals (grain vinegar) and those made from fermented molasses 
or other sugar residues, yet entitled to the name spirit (or distilled) 
vinegar. The experienced buyer can tell these apart by odor, 
especially after the acetic odor has been diluted or neutralized. Grain 
vinegar is a superior product. 

Vinegars vs. Acetic Acid 

The essential principle involved in the manufacture of any kind 
of vinegar is fermentation. It was a fermented product in the first 
place, always has been, and must be regarded henceforth as the prod- 

* It Hhould be remembered that the legal standard for api>le vinegars now fixes no 
analytical limitH (except for acidity) to be tested for, but leaves it to the chemist to 
decide from a study of any data he may determine, whether the legal definition of 
cider vinegar has been complied with. 
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uct of fermentation, if the basic principles of food control are to pre- 
vail. Therefore any use of the term vinegar in connection with acetic 
acid solutions not derived from fermentation, is historically, legally 
and scientifically incorrect. 

No self-appointed “Congress” of food manufacturers or officials, 
whether meeting in Geneva or Timbuctoo, can alter the facts of the 
case, nor make the terms “wood vinegar” or “acetic acid vinegar” 
proper in any sense. The word itself is derived from the French for 
wine, a product resulting from the alcoholic fermentation of natural 
sugars in fruits and other vegetable products. Thus wc have apple 
wine (cider), grape wine, low wines (from alcoholically fermented 
mashes) , cereal wines (gyle from fermented worts) , honey wine, orange 
wine, blackberry wine, elderberry wine, etc. 

In every one of the wine or wine-like “stocks” used for conversion 
into vinegars (by acetic fermentation) there is involved the principle 
of alcoholic fermentation. It would be just as logical to call a solution 
of synthetic alcohol a wine as to call a solution of acetic acid a vine- 
gar merely because it contains some acetic acid. Tomatoes cannot 
be called oranges simply because each contains citric acid. 

The acetic acid of a sour (acetic-fermented) wine is probably the 
oldest recognized acid and was for centuries associated with the idea 
of a vinegar, hence when acetic acid was also identified as one of the 
products resulting from the distillation of wood, the term “vinegar” 
was incorrectly used to designate the acid. There is no evidence that 
any one considered the wood-distillate acid a vinegar for condimental 
purposes, however. The only idea of a vinegar prevailing at that 
time was a wine or wine-like product which had turned sour. This 
alone would settle the question in a court of law, yet we still find in- 
terested parties trying to have the dilute purified acid, obtained from 
the distillation of wood or synthetically made from from carbides, re- 
garded as a vinegar! 

A weak solution (5 to 10 percent) of commercial acetic acid will 
furnish acidity and nothing else, but in every vinegar, no matter how 
humble, we have present considerably more than mere acidity; we 
have present the other flavoring substances which constitute the con- 
dimental value, flavoring substances formed by natural processes and 
characteristic of the condiment. 

There is perhaps no more conclusive way to demonstrate the dif- 
ferences between a vinegar and a mere solution of acetic acid than to 
list some of the other substances found in different vinegars and not 
present in a solution of acetic acid, and to the combined taste and 
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odor of which, the condimental value of a vinegar (aside from mere 
acidity) is due. 

The vinegar which has been most extensively analyzed is apple 
or cider vinegar and in addition to acetic acid we find therein small 
but essential proportions of alcohol, glycerin, sugars, pentosans, 
tannin, pectin, gums, malic acid, lactic acid, ethyl acetate and other 
esters of flavoring value, mineral salts (phosphates, malates, etc.), 
acetylmethylcarbinol and several aldehydes. It is to the combined 
action of all these various ingredients that the flavoring and general 
dietetic value of apple or cider vinegar is due, and is there any one so 
bold as to say a 5 percent solution of acetic acid will take its place? 

Likewise grape vinegar, or ^Vine vinegar’^ as better known, is an 
equally complicated substance containing, besides acetic acid, small 
but essential proportions of alcohol, glycerin, sugars, including in- 
ositol, tannin, gums, cream of tartar, succinic acid, formic acid, 
methyl-acetol, acetaldehyde, ethyl acetate and other esters, phosphates 
and other mineral salts. 

One of the most characteristic, distinctively flavored vinegars is 
malt vinegar. In malt vinegar there are present various final deriva- 
tives of the original proteins of the cereal, formed during the malting, 
mashing and successive fermentations, which partly account for the 
characteristic flavor. Altered proteins are sometimes present and 
intermediate protein derivatives such as peptone and complex amino 
compounds. There is also the usual alcohol, glycerin, sugars, dextrin 
and other gums, esters formed during ageing, phosphates and other 
mineral salts, and ammonium salts, when the fermentation of the pro- 
teins has been very complete. 

Thus we could go through the complete line of different fruit vine- 
gars and list various constituents, other than acetic acid, which give 
a characteristic condimental value to each vinegar* Even the vinegars 
made from fermented sugar solutions (“sugar wines”) , such as honey, 
cane syrup and “glucose,” contain their quota of alcohol, glycerin, 
residual sugar, gums, esters and mineral salts. 

Spirit vinegars, made from the “low wines” distilled from alcoholi-, 
cally fermented cereal and sugar mashes, are less complicated in con- 
stitution than vinegars which are made direct from alcoholically 
fermented juices, syrups and infusions, but even here we find various 
volatile ingredients, other than acetic acid, which give a flavor to spirit 
vinegar which no solution of acetic acid can duplicate. Unchanged 
alcohol is present which in time forms ethyl acetate and other esters 
of noticeable flavoring value. The aldehydes and higher alcohols, con- 
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stituting the so-called congeneric products of the distillation of an 
alcoholic fermented cereal mash or sugar solution, will be present and 
traces of gums and salts are carried over mechanically during the 
distillation of the 'dow winesd^ 

Thus it will be seen that the humblest real vinegar, whether a 
spirit vinegar or a simple syrup vinegar, is considerably more than a 
mere solution of acetic acid; and to substitute such a mere chemical, 
partial imitation of vinegar for the real thing is not only a fraud but 
is an insuflScient substitute. One has only to visit various low grade 
pickling and prepared mustard plants to see how much of this sub- 
stitution of acetic acid for legally required vinegar is going on. 

When a food standard, as for example the standard for prepared 
mustard and tomato catsup, specifies vinegar as one of the permitted 
ingredients, some kind oi vinegar is meant, not an acetic acid solution 
of equivalent acid strength. Vinegar is present in such compound food 
products for its bouquet as well as acidity and the pickle-maker who 
is substituting a mere acid solution is weakening the value of his prod- 
uct much more than the slight saving on the cost of real vinegar 
warrants. 

Acetic acid has been used with some success in making an acid 
extract of spices for flavoring catsups and other food products, but 
even here a strong (12 percent) spirit vinegar could be used to extract 
the flavoring oils, etc., from the spices. Or the spice oils can be pur- 
chased as such and used direct in some instances. The value of most 
spices depends upon certain essential oils found therein. Thus cinna- 
mon or cassia oil and clove oil represent all the flavoring value of those 
several spices. 



Chapter III. 

Interpretation of a Vinegar Analysis. 

In the cai’ly days of food inspection, the ofiBcial analysis of a vine- 
gar consisted of a test for the degree of acidity (with an occasional test 
for substitution of a mineral acid) and in the case of fruit vinegar an 
estimation of the proportion of total solids and ash (residue left upon 
burning the total solids) with some consideration of the ratio of the 
last two items to each other. In the case of malt vinegar a trifle 
more lengthy and conclusive analysis was in vogue, especially in 
England. 

CiDEE OR Apple Vinegar 

“Apple vinegar” was formerly officially allowed as the designa- 
tion for vinegar made from dried apple products, while the name “cider 
vinegar” is very properly restricted to the product made from fresh 
apple juice. The items tested for in the two vinegars are identical, 
however, as the main purpose in each case is to determine if apple 
material and apple material only (aside from any added water) has 
been used in the process of making. Dried apple vinegar is identified 
mainly by a test for sulfates, coming from the sulfur fumes used in 
bleaching and preserving the dried apple material. 

The oflScial analysis of cider (or apple) vinegar is now a quite 
lengthy and intricate affair, requiring much expert official analytical 
experience and, most of all, an extensive knowledge and experience in 
the legal chemistry of apples, apple juice, cider and cider vinegar, in 
order to properly interpret the analytical data, after it has been deter- 
mined. It is usually in the interpretation of the data where many 
chemists (including some State and Government chemists) fall down, 
although mistakes in the rather difficult analysis itself are not uncom- 
mon. For example, a recent State “campaign” condemned hundreds 
of pure cider vinegars because the polarization (polariscope reading 
on the clarified vinegar) was slightly plus instead of minus, as a pure 
cider vinegar should be. This happened because the state analyst 
had blindly followed certain directions for clarifying given in the 
A. 0. A. C. official methods (generally used in State and Federal food 
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inspection analysis) without being aware that an obscure note in the 
proceedings of the A. 0, A. C. had pointed out that the use of a lead 
salt for clarifying cider vinegars, previous to taking polariscope read- 
ing, sometimes reversed the reading. The author pointed this out to 
the food commissioner and the campaign suddenly ended. The faulty 
method is still to be found in the A. 0. A. C. official methods, the 
referee’s criticism (in the obscure note) being apparently forgotten. 
By using the proper clarifying reagent, the correct reading is easily 
and correctly obtained. It is a very important test as a true plus 
reading is considered good proof of the use of commercial glucose, or 
unfermented sucrose, to increase alcohol yield and subsequent acetic 
acid strength. 

The various analytical items will be discussed in the order as first 
given in the official and tentative methods * of the Association of 
Official Agricultural Chemists (^^Analytical” would be more appro- 
priate than “Agricultural”), popularly known as the A. 0. A. C. The 
methods and incidental data determined are the results of a thirty 
year “labor of love” (of science) on the part of poorly paid, busy 
official chemists and they have put the United States in the forefront 
in food inspection work. The author, as a former referee in the asso- 
ciation, hesitates to laud the great work as much as it deserves, and 
will leave it to some more disinterested posterity. The same associa- 
tion, through its permanent committee on food standards (chairznan 
of which was Dr. Wm. Frear of Pennsylvania, with whom the author is 
proud to have once been associated), has collected the data for and 
issued the majority of the official standards for food products pro- 
claimed by the various Federal and State authorities. 

Alcohol. The first item of analytical consequence in a cider 
vinegar analysis is the alcohol determination. It is a measure of the 
completeness of the acetic fermentation and in a properly made vine- 
gar will not exceed a few tenths of one percent. Higher results indi- 
cate incomplete acetification in the generators, or the addition of 
vinegar “stock” (hard cider, etc) to finished vinegar, without allowing 
time for spontaneous fermentation in barrels later. Some States allow 
the alcohol left in vinegar to be counted towards the degree of acidity 
(in terms of acetic acid) required by the State standard. This is a 
sop to careless rural vinegar makers, as the consumer buys vinegar 
for its acid content and not with the idea of keeping it six znonths 
until all alcohol has changed to acetic acid. It thus happens that 
vinegar is sometimes found to have increased in acidity during stor- 

* J. Assoc. Officica AgH. Ohem., vol. II, No. 2. 
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age, and State chemists have passed vinegars, which, if tested immedi- 
ately after collection, would have been found below the low required 
minimum for acidity. 

Glycerol. Next after the determination of alcohol in the official 
methods of the A. 0. A. C. comes the determination of glycerol, or as 
better known, glycerin. Glycerol is one of the by-products of the 
alcoholic fermentation of fruit juices, succinic acid being another. 
Pasteur estimated tliat from 100 parts of sugar in a fruit, 48.5 parts 
of alcohol (by weight), 46.6 parts of carbon dioxide and about 3.3 
parts of glycerol could be obtained. Kulisch reported from 0.38 gram 
to 0.59 gram per 100 cc. of glycerol in ciders, the ratio of glycerol to 
alcohol being api)i-oximatcly 1 to 10. Evidently some glycerol is lost 
during the subsequent acetic fermentation of a vinegar stock (or cider) 
as the glycerol content of cider vinegars, as reported by the U. S. 
Bureau of Chemistry, ranges from 0.24 gram to 0.46 gram per 100 cc. 
Under certain circumstances the acetic acid-forming bacteria act on 
glycerol forming carbon dioxide and water, and various other fungi 
and conditions arc known to destroy glycerol in vinegars more or less 
completely. • 

Samples winch arc made under good control will probably show 
the proportion of glycerol that the Government chemists claim should 
be present, but it has always seemed to the writer that officials should 
go slow in basing a vinegar prosecution solely on a low glycerol con- 
tent, in view of the fact that there is such a variety of possibilities 
of the glycerol being lost naturally. As spirit or distilled vinegar con- 
tains no glycerol,, a low glycerol content has often been considered by 
official chemists to prove the addition of such an adulterant or the 
use of commercial acetic acid and water. There are other analytical 
items which will also prove such sophistications, such as the percent 
of volatile reducing substances (practically absent from spirit vinegar) 
and formic acid, practically always present in commercial acetic acid; 
therefore, there is no need or logic in basing a prosecution on the single 
questionable basis of low glycerol content, as has been done. 

Moreover, the glycerol determination is a very lengthy and uncer- 
tain affair, even in the hands of experts, and the value not at all com- 
mensurate with the time and labor involved. In a factory laboratory 
it would be almost out of question to make the test with any degree 
of regularity, unless a big force of chemists were employed. 

Total Solids. The next test is that for the proportion of total 
solids, which the former Federal standard for apple or cider vinegar 
says should be not less than 1.6 gram per 100 cc., or practically 1.6 per- 
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cent “apple solids.” The range on pure samples, variously reported m 
the literature, is from 1.2 percent to as high as 4.5 percent, the average 
being 2.4 percent for natural undiluted cider vinegars. The maximum 
reported is, of course, from a vinegar where considerable sugar was left 
unchanged when the acetic fermentation superseded and checked the 
alcoholic fermentation. The “apple solids” are composed of sugais, 
gums, fruit acid, mineral salts, tannin, glycerol and pentosans mainly, 
and most of these items will be considered separately. The more 
expertly and completely the alcoholic fermentation is carried opt, the 
iTO'er the solids will be, hence high solids are no sign of quality, but 
rather the opposite. Solids are also lost during ageing. 

Sugars. The next item of the legal purity analysis of a cider or 
apple vinegar to be considered, is a measure of the sugar, together 
with another (volatile) substance, which was formerly measured with 
and as sugar, thus making the old data on the sugar content of vine- 
gar somewhat too high. This last fact probably explains how the 
original standard for cider vinegar allows 50 percent of the total solids 
to be “reducing sugars.” In fact, in a properly made vinegar, the 
“reducing sugars” (calculated as invert sugar) will range between 10 
percent and 25 percent of the total solids. The reducing sugars them- 
selves range from 0.11 percent to as high as 1.1 percent of the vinegar 
itself (in seventy-five samples of known purity) and are composed of 
sugars having the property of reducing an alkaline copper salt solu- 
tion, by which test they are measured. In the apple juice at least 
three different sugars are present, i.e., sucrose (ordinary sugar), 
d-glucose (dextrose or “grape sugar”) and levulose-or “fruit sugar,” 
the latter having a levorotatory polarization. In the aleoholic fer- 
mentation, the sucrose soon disappears, together with most of the 
d-glucose, according to' how soon an acetic fermentation gets started 
and checks the alcoholic fermentation. More than 0.5 percent acetic 
acid will retard the alcoholic fermentation considerably and Lafar 
showed that of fifteen varieties of yeast, only three were able to cause 
alcoholic fermentation when the acetic acid present exceeded 1 percent. 

The sugar which seems to be utilized slowest is the levulose and 
this, together with traces of d-glucose (about one-fifth of the total 
reducing sugars in vinegar), never does fully disappear, the amount 
left in the vinegar depending upon how soon a restraining proportion 
of acetic acid develops during the alcoholic fermentation. 

Therefore, a high sugar content in the vinegar, with a resulting 
high total solid content, is not an index of quality, but merely an 
index of a carelessly controlled alcoholic fermentation. Thus is mani- 
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fested the absurdity of fixing a high legal limit (2 percent for ex- 
ample) for solids in cider vinegar, as it will rule out many carefully 
fermented pure products and pass carelessly made ones and those 
deliberately reinforced with apple jelly, etc. A premium on careless- 
ness and dishonesty, as it were, and absolutely unnecessary as other 
data will easily show dilution with water. 

The test we are now considering estimates the proportion of ^^total 
reducing substances before evaporation.^^ This, as said above, in- 
cludes, in addition to reducing sugars (levulose with traces of d-glu- 
cose), a volatile substance capable of reducing alkaline copper salt 
solutions and known as acetylmethylcarbinol. Formerly this was 
measured as reducing sugar, because it reduced the alkaline copper 
salt solution, but now the analyst, after estimating the “total reduc- 
ing substance,’^ as called for in the test we are considering, evaporates 
another quantity of the vinegar to dryness and repeats the test. This 
last test gives the actual reducing sugars (usually expressed as invert 
sugar, although in malt vinegar it would be expressed as d-glucose or 
dextrose) and a differentiation of the levulose and any small amount 
of d-glucose can be made later if desired. 

The difference (expressed as invert sugar) between the total reduc- 
ing substances before evaporation and after evaporation is a measure 
of the “volatile reducing substance,” recently identified as acetyl- 
methylcarbinol. This item is quite a valuable item, as cider or apple 
vinegar contains fairly definite amounts of the volatile reducing sub- 
stance while spirit vinegar contains mere traces if any and diluted 
acetic acid the same. 

In cider or apple vinegar the proportion of this volatile reducing 
substance, expressed as invert sugar for sake of convenience, ranges 
from 0.14 to 0.34 percent in vinegars as generated, and from 0.10 to 
0.29 percent when reduced to a 4 percent acetic basis. It. appears 
to be formed during the acetic fermentation, as “hard” ciders and wines 
are reported as containing mere traces, if any. 

The difference between the total solids and the actual reducing 
sugars is the rather important analytical item known as “non-sugar 
solids” and it includes all the items which are constant (excepting the 
fruit acid) and not dependent upon the degree of carefulness in fer- 
mentation, as are the sugars. Older results for this item are untrust- 
worthy as the reducing sugar data included the volatile reducing sub- 
stance, and therefore on subtracting an unduly high sugar value from 
the total solids an unduly low value was obtained for non-sugar solids, 
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resulting in unwarranted allegations of dilution with water and prose- 
cutions therefor. 

The Federal inspection chemists have been rather dogmatic on the 
question of how much non-sugar solids a genuine cider vinegar should 
show, claiming it should not be below 1.25 percent. The average pure 
vinegar will show from 1.2 percent to as high as 2.9 percent non-sugar 
solids, the average being about 1.9 percent in undiluted products, but 
there are bona-fide cases of going below even 1 percent. Messrs. Hart- 
man and Tolman, two U. S. Bureau of Chemistry chemists at the time, 
conducted an investigation on rotating generator-made vinegar from 
cider of ^^stock” stored a year and found non-sugar solids as low as 1.09 
percent, and the author knows of a case where a vinegar, from stored 
very “di'y’’ cider, in which ail fruit acid (malic acid) had fermented 
out (as surely happens in time), showed only 0.95 percent non-sugar 
solids. During storage of the cider there is a precipitation of pectin 
and gums, w’^hich in the investigation mentioned above caused a 48 
percent loss of non-sugar solids, and this, with the sure disappearance 
of malic acid, will easily explain non-sugar solids values considerably 
less than the 1.25 percent looked for by official chemists. The main 
constituents of the non-sugar solids are the mineral salts (to be con- 
sidered under the item “total ash^^), gums, tannin, pectin, etc. High 
non-sugar solids would be due to abnormal proportions of the latter 
items, together with an unusual proportion of fruit acid (malic acid) 
remaining unchanged. 

Sucrose, Dextrin, etc. Sometimes it is desirable to make another 
reducing sugar estimation after “inverting” the evaporated vinegar. 
This is for the purpose of estimating any starch, dextrin or unchanged 
sucrose (ordinary sugar) that may be present, although it will prob- 
ably include traces of other substances which are converted into 
copper reducing substances by inversion. The process of inverting 
consists of heating with mineral acid whereby starch, dextrin or ordi- 
nary sugar are changed into reducing sugars. Thus any noticeable in- 
crease in the proportion of reducing sugars after inverting the evapo- 
rated vinegar will indicate the addition of starch, dextrin (from glu- 
cose for example) or ordinary sugar, for building up solids, or increasing 
alcohol yield in earlier stages of vinegar adulteration. It is possible 
that the mere heating (in presence of natural acetic acid of vinegar) 
during the evaporation of the sample, will convert, or invert, at least, 
any ordinary sugar present, into reducing sugars. This may explain 
certain very high results in the published data on reducing sugars in 
vinegar, for which the former Federal standards makes such an unduly 
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high provision. An honest, well made cider or apple vinegar contains 
a quite small proportion of reducing sugars before or after inversion 
and correspondingly low total solid content. 

Lead Precipitate. The next test given in the official testing meth- 
ods of the A. 0. A. C. is a qualitative one only, i.e., the precipitate 
given by the addition of about 2 percent of a 20 percent lead acetate 
solution to the vinegar. The ^dead precipitate” was formerly regarded 
as an index of the fruit acid of the apple juice (malic acid) and was 
considered a very valuable test in the olden days of food inspection. 
To be sure, a pure apple product vinegar will give a medium heavy 
precipitate with lead acetate solution, but it is due more to presence of 
gums, color and tannin than to fruit acid; in fact, in well aged vinegar 
the malic acid is practically all fermented out, yet a characteristic test 
with lead acetate solution is obtained. The precipitate frequently does 
not settle out at once and inexperienced official chemists have hastily 
made the test, obtained only an apparent turbidity and, immediately 
throwing away the solution in the test tube, have condemned the 
sample forthright. If they had let the test tube stand a little while 
they would have seen the “turbidity” coagulate into a characteristic 
precipitate, leaving a very pale brown or grey clear liquid above. If 
the upper layer of more or less clear liquid is a distinct brown, it indi- 
cates the presence of caramel or burnt sugar coloring, more surely than 
some of the regular tests for caramel color. 

Attempts have been made to give a quantitative value to the lead 
precipitate test, by estimating the amount of lead used up, similar to 
the so-called “lead number” in vanilla extract analysis, but not enough 
data, or understanding of various conditions affecting the result, are 
available to make it decisive to any degree of certainty. The custo- 
mary way, as yet, is to report as “turbid” or “light,” “normal,” heavy” 
or “very heavy” precipitate, noting also, if desirable, the color of the 
upper layer of liquid. 

Polarization. Next is the test for polarization. This is a quite 
important test, it being the nature and extent of the reading given on 
the polariscope sugar scale (Ventzke scale) when a ray of polarized 
light is allowed to pass through a 200 millimeter tube of the properly 
clarified vinegar. Various sugars, gums, proteins (as in malt vinegar) , 
essential oils and certain fruit acids (for instance the tartaric acid in 
grapes, wines and wine vinegar) have the property of rotating the ray 
of polarized light to the right (+) or loft ( — ), more or less in pro- 
portion to the percentage of the sugar, gum, protein, etc., dissolved in 
the liquid in question, vinegar in this case. 
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Fresh apple juice, as previously explained, contains three different 
sugars in appreciable amount, i.e., sucrose (ordinary sugar) , d-glucose 
(dextrose or ^^grape sugar”) and levulose or ^^fruit sugar.” The first 
two are dextrorotatory (i.e., they rotate the polarized light ray to the 
right (+), while the levulose or “fruit sugar” is levorotatory, giving a 
left-handed ( — ) reading on the polariscope sugar scale. A mixture of 
equal parts of dextrose and levulose is also formed when sucrose (ordi- 
nary sugar) is “inverted” by heating with acids. As the levorotatory 
effect of the levulose is more powerful than the dextrorotatory effect 
of the dextrose, the above mixture of the two, called “invert sugar,” 
has a distinct levorotatory reading. The average apple juice contains 
about twice as much (7.2%) reducing sugars, as it does sucrose 
(3.4% ), and, in apple juice, the proportion of levulose is over twice as 
much as the dextrose. Hence apple juice is strongly levorotatory in its 
effect on the ray of polarized light, averaging about — 18"^ (Ventzke 
sugar scale) in a 200 millimeter observation tube. 

During the alcoholic fermentation the sucrose quickly disappears 
and also most of the dextrose (d-glucose), but the levulose (“fruit 
sugar”) persists in small but distinct proportion to the end of the acetic 
fermentation and being considerably more powerful optically than the 
traces of dextrose remaining in the final vinegar, the natural polari- 
scopic reading of a true cider or apple vinegar is always levorotatory 
( — ) provided the proper clarifying agent has been used, when prepar- 
ing the vinegar for the test. 

Hard ciders range from — 0.09° to. — 2.64° Ventzke, averaging 
— 1.34°, in the 200 millimeter observation tube, while the vinegar will 
range a trifle higher, viz.: — 0.2° to — 3.6°, average — 1.4° Ventzke, due 
to a further loss of dextrose and also perhaps some concentration 
during acetic fermentation. 

The former Federal standard for cider vinegar requires that it 
have a levorotatory reading in the polariscope and when the polariza- 
tion is dextrorotatory it is considered good evidence of adulteration 
with commercial “glucose” (which leaves a residue of strongly dextro- 
rotatory dextrin after fermenting) , or added sucrose which has escaped 
fermentation, or gums, used for building up solids. If a too strongly 
levorotatory reading is obtained, it suggests underfermentation of the 
apple juice or addition of apple jelly, etc., to the finished vinegar. A 
dextrorotatory reading becoming levorotatory after inverting is con- 
sidered proof of added sucrose. The dextrorotatory reading due to the 
dextrin of commercial “glucose” (or to any unfermented dextrose of 
the same) is not reversed by the “inverting” process. The natural 
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dextrorotatory reading of malt vinegar (required by the former stand- 
ard) is due also to a residue of dextrin coming from the malting of the 
starch in the grain. The writer (and Dr. Chapman in England) 
showed that in malt vinegar, the polarization is sometimes found 
levorotatory, due to certain levorotatory proteins remaining unde- 
composed. Chapman thought that perhaps even the dextrin of malt 
vinegar was sometimes fermented out, in an extra-thorough process, 
leaving mere traces of proteins to account for a slight levorotatory 
reading in the finished malt vinegar. 

The question of what clarifying agent should be used in preparing 
the cider vinegar sample for the polarization test is very important, as 
we have pointed out earlier. The oflScial methods of the A. 0. A. C. 
specify that 10 percent of a solution of lead subacetate be added to 
the cider or apple vinegar to clarify it and weaken the color, before 
filtering and taking the polariscopic reading, but as said above it is 
liable to lead to misleading results. A small amount of “Alumina 
Cream” mixture is preferable. 

Total Ash. The next test on vinegars, as outlined in the A. 0. A. C. 
official methods of analysis, is the total ash determination. This is the 
mineral residue left upon evaporating a given quantity of vinegar (as 
in the test for total solids) , and burning the solids thus obtained. Care 
must be taken that no unburnt particles of carbon remain and the 
degree of heat used must not make the platinum dish used more than 
a dull red. 

The analytical item thus obtained is a valuable one, especially 
when further tests upon the total ash are considered. The total ash 
content of cider and apple vinegars of known purity has been reported 
as ranging from 0.20 percent to 0.57 percent, averaging about 0.38 per- 
cent. Probably the minimum value was a vinegar which had been 
reduced with water a little. The former Federal standard for cider 
vinegar required not less than 0.25 percent “apple ash” (total ash) 
and many State standards have called for the same. 

The ash of the apple is made up principally of potassium carbonate 
(about 68%) and phosphates of potassium and magnesium (about 
22%) and the ash of apple juice or vinegar will test practically the 
same. It is the large proportion of potassium carbonate in “apple 
ash” which gives it its strongly alkaline character and forms the basis 
for the Federal standard “alkalinity” requirement. This potassium 
carbonate does not exist ready-formed in the apple (in fact, could not, 
as the apple acid would neutralize it), but is a result of the burning 
process, whereby various potassium salts and other compounds origi- 
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nally present are converted into potassium carbonate finally, somewhat 
similar to the well known formation of potassium carbonate when 
wood is burnt to get w^ood ashes. 

The phosphates resulting from the burning of apple juice or vine- 
gar solids are partly in a soluble form and partly insoluble, the former 
Federal cider vinegar standard having a legal minimum limit for the 
proportion of water-soluble phosphate that should be present in the 
apple or cider vinegar ash. Until somewhat recently there has been a 
considerable practice of adding phosphates to more or less imitation 
cider vinegars for the purpose of making them analyze normal in this 
respect and yet, because various other analytical, items were not 
similarly corrected for, it was frequently a vain precaution, as numer- 
ous Federal Notices of Judgment on adulterated vinegars will show. 

It is sometimes customary in a vinegar analysis to report also the 
proportion of the total ash which is soluble in water and, by difference, 
thus get the proportion of ash insoluble in water. Of course, the greater 
proportion is soluble, because in addition to the soluble phosphate 
required in the standard, about 68 percent of the ash is a soluble potas- 
sium carbonate, as said above. 

Alkalinity of Soluble Ash, etc. The next legal analytical require- 
ment is a measure of this potassium carbonate (a mild alkaline sub- 
stance) and is referred to as the ^^alkalinity of the soluble ash.^' It 
it measured in terms of the number of cubic centimeters of a tenth- 
normal acid solution required to neutralize the alkalinity (due to 
potassium carbonate mainly) of the water-soluble ash representing 100 
cubic centimeters of the vinegar in question. 

The former Federal cider vinegar and apple vinegar standard speci- 
fied that the “water-soluble ash from 100 cubic centimeters of vinegar” 
shall require “not less than 30 cubic centimeters of tenth-normal acid 
solution to neutralize its alkalinity.” The reported data on i)ure 
products range from 22 cc. tenth-normal acid to as high as 56 cc,, 
the average being about 35 cc. 

In the proposed standard for apple juice or must, it is specified that 
the total ash contain not less than 50 percent potassium carbonate,' 
instead of measuring it in terms of tenth-normal acid required to neu- 
tralize it. From the latter item, however, it is a simple matter to 
calculate how much potassium carbonate is present in the ash. 

The former standard for the proportion of soluble phosphate in 
cider vinegar ash, specifies it in terms of the theoretical acid group 
in all phosphates, referred to in the standard as “phosphoric acid 
(P2O5),” and, according to the standard, the “water-soluble ash from 
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100 cubic centimeters of the vinegar contains not less than 10 milli- 
grams of phosphoric acid (PoOg).’’ This can be read also as practically 
0.01 percent, and although it may seem a rather insignificant item, 
yet it has some value in a vinegar analysis, as spirit vinegar (and 
commercial acetic acid) contains none and malt vinegars much less 
than vinegars from apples. The soluble ash from malt vinegars also 
has considerably less alkalinity, while spirit vinegar and acetic acid so- 
lutions would show none. Dilution of cider or apple vinegar with water 
lowers the soluble alkalinity and phosphoric acid proportionately, of 
course, and on a vinegar properly labeled as being “reduced with 
water” to minimum legal acid strength (4 percent or 40 “grain”), the 
analyst corrects for the approximate dilution. The data on samples 
of known purity show the phosphoric acid in the soluble ash from 
100 cubic centimeters of cider vinegar to range from 7 milligrams 
(0.007 percent) to 40 milligrams (0.040 percent), the average being 17 
milligrams (0.017 percent) . The phosphoric acid in the water-insoluble 
ash ranges from 0.004 percent to 0.032 percent, average being 0.012 
percent. 

Total Acidity. Although one of the most important tests from a 
selling standpoint, the next official test, i.e., total acidity, is not so very 
important in the legal interpretation of a vinegar analysis. 

To be sure, practically every standard, Federal or State, fixes a 
minimum for acidity in vinegars (usually 4.0 percent, or 40 “grains” in 
terms of acetic acid) , but that requirement complied with, the signifi- 
cance largely ends there. It is only when the acidity is greater than 
the other data will accommodate, that the addition of a strong spirit 
vinegar (90 or 100 “grains”.) or commercial acetic acid is suspected 
and further looked for. 

The “total acidity” of cider or apple vinegars comprises the so- 
called “fixed,” or non-volatile, acids and the volatile acetic acid. The 
total acid in cider and apple vinegars ranges from 3.24 percent to 9.96 
percent, in terms of acetic acid, the average being 5.21 percent, in many 
samples of known purity. The. minimum value was, of course, an 
underfermented vinegar characteristic of farm methods and con- 
tained much unfermented sugar due to the acetic fermentation getting 
started before the alcoholic fermentation was complete. In juice 
preserved with sodium benzoate, the alcoholic fermentation is stopped 
or greatly slowed down and the alcohol already formed is converted 
easily into acetic acid as fast as formed, 'with the result that the juice 
becomes unpalatable as a beverage; and as soon as the acetic acid 
reaches a certain low point, all alcohol production will cease. The 
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resultant mixture of sour cider and partially made vinegar then be- 
comes practically worthless. This was the principal scientific argu- 
ment used in the recent test case for permits to make preserved sweet 
cider, even though the alcohol might exceed the 0.5 percent (by 
volume) allowed in the prohibition laws. 

The total acid of cider or apple vinegar, as said above, is made up 
of the “fixed” or non-volatile acids and the volatile acetic acid re- 
sulting from fermentation of alcohol in the vinegar “stock” or “hard 
cider.” The analytical item “fixed acids” is of some value in judg- 
ing vinegars and is composed mainly of any residue left of the origi- 
nal apple acid (malic acid) and more or less lactic acid, formed 
from malic acid and sugars, by fermentation. 

In a well made cider or apple vinegar a large part of the malic acid 
of apple juice is changed into lactic acid during the alcoholic fermenta- 
tion; and during the acetic fermentation the remaining malic acid is 
almost completely lost, the fixed acid being then chiefly lactic acid. In 
the average more or less carefully made cider or apple vinegar there is 
present both unchanged malic acid and lactic acid with traces (0.01 
percent) of succinic acid, formed during the alcoholic fermentation of 
sugars. In some carefully and completely fermented cider vinegars 
made by Hartman and Tolman, of the U. S. Bureau of Chemistry, the 
malic acid ranged from 0.032 percent to 0.045 percent and the lactic 
acid from 0.23 percent to 0.29 percent. The total fixed acids (usually 
reported in terms of malic acid) ranged from 0.16 percent to 0.41 per- 
cent in about 40 samples of known history or purity. An average value 
would be about 0.30 percent fixed acids in terms of malic acid. 

The fixed acid of grape or wine vinegar would be tartaric acid or 
acid reacting salts of the same, while other fruit vinegars might show 
citric acid, characteristic of many fruits. 

By subtracting the percent of fixed acid from the total acidity of 
a vinegar, we get the analytical item “volatile acids.” This is, as said 
above, mainly acetic acid. It is interesting to note, however, that other 
Volatile acids may be present. Even traces of formic acid are formed 
according to Hartman and Tolman. Other workers have pointed out 
that formic acid will result from the oxidation of acetylmethylcarbinol, 
which, we pointed out earlier in this chapter, comprises the analytical 
item “volatile reducing substance,” formed during the acetification of 
hard cider. These facts should be kept in mind by official inspec- 
tion chemists, when using the test for formic acid as proof of the addi- 
tion of commercial acetic acid. Hartman and Tolman also showed 
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that some of the acetic acid of cider vinegar was present as a neutral 
non-volatile salt or acetate, in small proportion. 

Volatile Esters. Although there is no legal requirement for the 
next item, nor is it specified in the official methods of analysis, yet the 
determination of “volatile esters” (formerly called “ethers”) is rather 
interesting and valuable as an item showing the bouquet and proper 
ageing of the vinegar. The esters result from a chemical reaction be- 
tween the alcohol of the hard cider and various acids, mainly acetic 
acid. They are measured in terms of the ester ethyl acetate, a very 
fragrant, volatile substance. Hartman and Tolman reported from 
0.79 percent to 0.91 percent volatile esters in a number of well made 
cider vinegars, made in a rotating generator. The author has seen a 
sample of very old vinegar, where nearly all the acetic acid had changed 
to ethyl acetate, due to too much unchanged alcohol being present. 

Color. The next test in order is that for “color.” This is a test 
which could be advantageously used in the buying and selling of 
vinegar, as the consumer has the habit of judging a vinegar consider- 
ably by its color, in spite of the fact that the quicker and cleaner a 
vinegar is made the poorer its color from the old standpoint of judg- 
ment. 

Old methods of selecting, grinding and pressing apples were all 
conductive towards the final development of a rich brownish-red color 
in the vinegar, and this color has become the standard looked for in 
trade circles. The apple is built up of numberless little cells composed 
of cellular tissue, which in turn is composed of cellulose, lignin and the 
related hemicelluloses. These tiny cells contain the juice of the 
apple and, according to how well the cells are disrupted by grinding 
and how long and thoroughly the pressure is applied, the apple juice 
is made available for further processing. 

The generally accepted explanation of the development of color in 
ground apples and apple juice (and the ultimate product vinegar also) 
is that certain of the cells, if not all, contain (in addition to sugar, 
fruit acid, etc., dissolved in water) a substance known as tannin and an 
oxidizing ferment, or enzyme, known as oxidase. As soon as the cells 
are broken by grinding and -contents of cells are mixed in the presence 
of the oxygen of the air, an oxidation of the tannin, by the ferment 
oxidase, starts with the formation of a brown color. The longer the 
exposure to air at this stage, the darker the color of the juice will be 
after pressing and subsequent ageing. 

In the older factory and farm procedure, the groundup apple pulp 
stood for some time before pressing and the pressing itself was a slow 
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operation, altogether allowing time for considerable degree of color 
formation. Now, the up-to-date factory prides itself on a quick, con- 
tinuous process and the resultant apple juice is light in color, some- 
times only a faint yellow, and if well protected from air during alco- 
holic fermentation, the finished vinegar turns out to be a yellow-browm 
color which, if further diluted with water (while reducing to minimum 
standard acidity) , gives a vinegar very much lighter in color than more 
carelessly made products. 

Attempts have been made to improve the color by adding a small 
amount of some commercial tannin preparation and agitating the juice 
to expose it to the air. A high proportion of fruit acid (malic acid) 
seems to hinder the development of color also. Therefore, sweet apples 
with a normal tannin content and a moderate standing of the crushed 
pulp before pressing, are the conditions favorable to the natural devel- 
opment of the rich brown color desired by the trade, in apple juice and 
vinegar. Mi 

The color test consists of measuring the depth of color with a color- 
comparing instrument called a tintometer. The color is compared wuth 
the regular scale of colors used in the brewing industry, but it can be 
seen, from the preceding statements, that the test has no legal signifi- 
cance, although it might be used to good advantage in the buying and 
selling of vinegars, where a close uniformity of color was desired. 

At this point it is perhaps more appropriate to take up the question 
of and tests for artificial coloring, than in the A. 0. A. C. official test- 
ing methods schedule. The chief artificial color used is “caramel,^' a 
harmless coloring substance, made by overheating sugars. ^TBurnt 
sugar color^’ is another name for it and various tests have been devised 
to detect its presence in suspected imitation vinegars, such as spirit 
vinegars, or dilute acetic acid solutions, appropriately tinted to re- 
semble cider vinegar. 

One of the best tests is the color of the vinegar sample, after test- 
ing for the “lead acetate precipitate.'' The natural color is largely 
precipitated or destroyed, whereas the “caramel" color is little affected. 
Other colors have been known to be used, certain wood and bark ex- 
tracts for instance (in which probably the tannin was the most im- 
portant color-forming ingredient) and also brown coal-tar colors, such 
as used in artificial chocolate preparations. It is only when the other 
analytical data show a vinegar to be more or less an imitation product 
that the color tests become of some legal value as confirmatory 
evidence. 

Liberal minded food chemists are inclined to be very lenient with 
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an apple juice product that is pure and normal in all respects, except 
the addition of a trace of “burnt sugar color.” However, some laws 
make a distinct offense of the addition of any artificial color to any 
vinegar. The addition of color to spirit vinegar, or sugar vinegars, is, 
of course, for fraudulent purposes. 

Formic Acid. The next test to be considered, under the schedule 
of the official testing methods of the A. 0. A. C., is the test for formic 
acid. The presence of more than a certain maximum percentage of 
matter which will affect the reagent used (mercuric chlorid solution) 
is considered as proving the presence of formic acid coming from com- 
mercial acetic acid, used for increasing acidity or perhaps the only acid 
present in a wholly imitation vinegar. 

A large part of the commercial acetic acid is made by refining the 
distillate coming from the distillation of wood (hence the obsolete term 
“wood vinegar”) and it unavoidably contains more or less formic 
acid, which it is impractical commercially to remove. Therefore, an 
abnormal percentage, in the cider or apple vinegar, of formic acid (or 
material reacting like formic acid) is considered as very suspicious at 
least. Probably this is justified in most cases, but it must be remem- 
bered that the test does not actually identify the formic acid as such 
and that other substances in fruit products give the same test, perhaps 
sometimes in greater proportion than the hitherto reported limits on 
pure vinegars. These limits, as given by investigators (in the Journal 
of Industrial and Engineering Chemistry for October, 1913), ranged 
from a “trace” to 0.007 percent in terms of formic acid. 

In the February, 1919, issue of the same journal it is stated that the 
natural formic acid of cider or apple vinegar results from the oxidation 
of the acetylmctliylcarbinol which, we have seen, constitutes the “vola- 
tile reducing substance” of fruit vinegars. This item ranges from 0.14 
percent to 0.34 percent (in terms of invert sugar) and it is conceivable 
that the degree of oxidation of the acetylmethylcarbinol might vary 
considerably according to circumstances. 

C. A. Mitchell in his rather insular book on “Vinegar, Its Manu- 
facture and Examination,” wherein only his own native malt vinegar 
receives much attention, makes the following statement: “It is essen- 
tial that no caramelized (burnt) sugar should be present, for sugar 
yields appreciable quantities of formic acid when heated to 160° C., 
at which temperature caramelization begins. Hence as caramel is uni- 
versally employed for coloring fermentation vinegars ... no reli- 
ance can be placed on the results of the formic acid test if applied to 
colored vinegars.” 
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As it is the custom of drying ''chops” and other apple by-products 
for the subsequent manufacture of dried apple vinegar, and it is con- 
ceivable that sometimes a burning or caramelization of the apple sugars 
may occur, it seems here is a point to be considered in dried apple 
vinegar analysis at least. 

Moreover, in the Analyst for 1911, page 496, formic acid is stated 
to be a normal constituent of wine vinegar and, as Mitchell adds, 
“probably also in other kinds of vinegar to which no caramel has been 
added.” The test is evidently one the interpretation of the results 
of which must be used with caution by oflScial chemists. 

Alcohol Precipitate. The next test is the “alcohol precipitate” 
which is intended no doubt to be an index of the presence of dextrin, 
always present in commercial glucose, which in turn might be used to 
increase the alcohol yield in hard cider. The alcohol also precipitates 
pentosans and galactans present. It is an uncertain test, even in a 
pure vinegar, because when there is considerable unused fruit sugar 
left in the vinegar and the latter is evaporated to the small volume 
called for in the test, this sugar will form a gummy, stringy precipi- 
tate with the alcohol (characteristic of dextrin) instead of the natural 
flocculent precipitate it is supposed to form. In absence of quantitative 
data on the amount of precipitate to be expected from pure cider or 
apple vinegars, the test is not very conclusive generally and must be 
used with caution. The polarization and other data serve as a more 
conclusive evidence of the use of commercial glucose in vinegar manu- 
facture. 

Pentosans. The next test is another new one, concerning which 
we have meagre data as to results on pure cider and apple vinegars and 
the interpretation of which is rather uncertain as yet. It is a well 
known test in certain vegetable products, cattle feeds particularly, 
and is called the pentosan determination. The pentosans are products 
of the group of carbohydrates known as hemicelluloses (intermediate 
bet’ween starch and cellulose), and are derivatives of the cell-wall 
material of which the innumerable tiny cells of the apple are composed. 

As apple pulp is allowed to ferment, the cell-wall material becomes 
more soluble and a larger proportion of pentosans passes into the 
Juice and subsequent vinegar. It has been thought therefore that the 
percent of pentosans would prove a valuable index of the condition of 
the pomace before pressing and serve to detect the old trick of letting 
first-pressing residue (pomace) stand and ferment (to incipient spoil- 
age) before pressing a second or third time. 

In a cider made at the U. S. Bureau of Chemistry in 1905 from 
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pomace allowed to ferment in large heaps for several weeks, the pento- 
sans tested 0.8 percent, the percent of alcohol precipitate (which 
would include both pentosans and galactans, resulting from the fer- 
mentation) being 1.5 percent; lactic acid to the extent of 0.5 percent 
was also found and all the usual data differed considerably from a 
fresh first or second pressing cider. 

The proportion of pentosans reported in cider vinegars of known 
purity and quality ranges from 0.080 to 0.221 percent. In freshly 
made hard ciders the pentosans range from 0.041 to 0.165 percent. 
Considerable data seem to indicate that the pentosans nearly double 
in amount, on the average, as the hard cider undergoes acetification 
into vinegar. Undoubtedly the test is of value in detecting use of 
fermented pomace, but more data are desirable for court purposes. 

Miscellaneous Materials. To conclude the official tests on apple 
and cider vinegars, there is given a test for ^^spices and added pun- 
gent materials” to be applied to the neutralized sample and a refer- 
ence to the regular official tests for “preservatives.” Good vinegar 
contains no added preservative, but it is conceivable that some manu- 
facturers might try to convert sweet cider into vinegar and thereby 
introduce a small percent of sodium benzoate (or benzoic acid), or 
salicylic acid, or sulfurous acid (from sulfites) into the vinegar. The- 
oretically this should be indicated on the label, but practically the 
amount that could be present is very small and would probably not 
even be tested for, or any official attention paid to it. 

Wine and Malt Vinegar 

With the exception of a couple of tests for unusual contaminations 
or adulterations, we have covered the interpretation of a very complete 
analysis of cider or apple vinegar. 

For a wine or malt vinegar, many of the same tests are used and 
have the same general significance, the main difference being that, 
for wine or malt vinegar, we find a different range of values for the 
different analytical items tested for. 

The next test in the official testing methods of the A. 0. A. C. is 
one that is used for wine vinegar and corresponds to the item “fixed 
acid” (malic acid) in apple juice products. The “fixed acid” (non- 
volatile acid) of wine or wine vinegar would be the natural fruit 
acid of the grape, viz.: tartaric acid, and its salts (tartrates), espe- 
cially the “acid salt” known as potassium bitartrate or “cream of 
tartar.” 
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Following the test for tartaric acid and tartrates comes a test 
applicable to any vinegar, i.e., a test for mineral acids. It is interesting 
here to note that in Europe the use of a small proportion of sulfuric 
acid in apple juice and in various vinegars, has been in the past, and 
is still to some extent, a commercial practice. 

In a recent issue of a well known French scientific journal, War- 
collier and Le Moal report a study of the changes taking place in sul- 
furic acid used to preserve apple juice. They point out that in order to 
preserve apple juice suitably with sulfuric acid, the fruit must be of 
good quality and free from molds, as the latter contain oxidizing fer- 
ments (enzymes) which alter sugars and glycerol to form compounds 
which combine with relatively large amounts of sulfuric acid. 

In Germany, Meerburg speaks of prepared mustard containing 0.5 
percent of sulfuric acid in addition to the vinegar used and in earlier 
days the British Government specifically allowed sulfuric acid to be 
added to vinegar (presumably malt vinegar) in the proportion of 0.1 
percent by weight. Nowadays the practice is practically extinct in 
England and in this country the addition of any mineral acid to vine- 
gars for any purpose is ofiScially prohibited. 

The test applied is usually merely a qualitative one, depending 
upon color changes with certain ^findicators” (dyes) when any mineral 
acid is present. Of course, if necessary the test can be made quanti- 
tative. 

The next ofiicial test is for metallic contamination which might be 
present in carelessly handled vinegars. Certain metallic contamina- 
tions would be a quite serious matter; thus if any vinegar came in 
contact with lead piping, etc., there would be formed the very poison- 
ous acetate of lead, sometimes called “sugar of lead.^' Zinc would 
form objectionable salts with acetic acid and copper (or brass) par- 
ticularly would give poisonous salts having a brilliant, blue-green 
color. Verdigris is a variety of copper acetate. 

The action of acetic acid on iron would be to form an iron acetate, 
which, uniting with any tannin present, forms practically an “ink,^' 
which in sufficient quantity would turn apple cider or vinegar nearly 
black in color. 

The next test we come to has already been referred to under the 
“alcohol precipitate” test, and is listed as a “qualitative test” for 
dextrin. As the “alcohol precipitate” may be composed of pentosans 
and galactans under certain circumstances, in order to make it dis- 
tinctive as a test for dextrin, the analyst is directed to further test 
the precipitate by means of a polariscope and by the characteristic 
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color given with iodine solution. The dextrins give a strong dextro- 
rotatory reading in the polariscope and, in general, a study of the 
data on the polarization of the cider or apple vinegar will furnish 
good evidence of the presence of dextrin, coming usually from use of 
commercial ‘^glucose’^ of which it is a regular ingredient. 

Malt vinegars will have dextrin present as a natural constituent, 
coming from the malting of the cereal used in preparing the wort 
and subsequent gyle. In the former standard for malt vinegar, it 
is required that the polarization be dextrorotatory and this is usually 
the case, due to the aforementioned presence of dextrin. The polari- 
zation of malt vinegar may, however, be sometimes levorotatory even 
as high as — 1.5° Ventzke. This was shown by the author in 1911, 
and by Chapman in England (1912), to be due to the presence of 
undecomposed proteins, which are levorotatory. 

Possibly the undcrfcrmcntation of the proteins was due to the 
use of the pure sugar-forming ferment of malt (diastase), instead of 
the whole malt, which can convert proteins into peptones, amides, 
etc. Chapman considered it due, however, to an extra-thorough fer- 
mentation of the carbohydrates, in which all of the dextrin was used 
up, allowing a small residue of proteins to give a levorotatory polari- 
zation. 



Chapter IV. 

The Legal Chemistry of Some Condimental Sauces. 


Tomato Catsup 


Among the condimental sauces and relishes containing vinegar as 
an important ingredientj tomato catsup is perhaps the most gen- 
erally used product of that nature in this country. In addition to 
certain lego-chemical phases of the vinegar content^ tomato catsup 
also involves the consideration of a well-known fruit (the tomato) 
and here again some more food inspection chemistry is involved. 

A few catsup manufacturers use fruit vinegars, but by far the 
greater proportion of tomato catsup is made with spirit vinegar, 
preferably '^grain vinegar.’’ There is, however, considerable illegal 
use of commercial acetic acid solutions in cheaper grades of catsup, 
in place of vinegar; and in a number of the better grades more or 
less commercial acetic acid is introduced in the form of an “acetic 
acid extract” of the various spices used to modify the flavor of the 
catsup. 

This last practice is considerably less reprehensible, from a legal 
standpoint, than the complete substitution of vinegar by commer- 
cial acetic acid solution, but, strictly speaking, it should be stated on 
the label in some form. It has been found that the spices can be 
advantageously extracted of their flavoring constituents (mainly es- 
sential oils) by soaking in fairly strong acetic acid and a relatively 
small amount of this acetic acid extract of the mixed spices can be 
added to the catsup after the cooking process is ended, thereby avoid- 
ing the great loss of flavoring material (essential oils, etc.), which 
results when ground spices are cooked and the oils virtually “distilled 
off with steam.” 

The bulk of the acetic acidity of a catsup should come from vine- 
gar, however, and the test for formic acid (as proof of the appre- 
ciable use of commercial acetic acid) is so delicate that any sub- 
stitution is risky, unless admitted on the label. 


♦ Ori^nally published in The American Vinegar Industry and Fruit Products 
Toumal, Jane, 1Q2B, sma The Spice Mill, Segt., 1^24:%t seq. 
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The Federal food standard definition of tomato catsup is as follows: 
^'Catchup (ketchup, catsup) is the clean, sound product made from 
properly prepared pulp of clean, sound, fresh ripe tomatoes, with 
spices and with or without sugar and vinegar; mushroom catchup, 
walnut catchup, etc., are catchups made as above described, and con- 
form in name to the substances used in their preparation.” 

In catsup, vinegar is not used in preservative proportion, but is 
used rather as a condiment, to furnish acidity. Some of the acidity 
of a tomato catsup comes from the natural fruit acid of the tomato, 
i.e., citric acid, and a little acidity (0.2 to 0.3 percent) results from 
the lactic acid, formed by bacteria, from fruit sugars in the tomato 
pulp. As tomato products ferment or spoil, the proportion of citric 
acid decreases (molds seem to remove the citric acid rapidly) and 
the proportion of lactic acid increases and ultimately the disagree- 
able volatile butyric acid is formed in detectable quantity. 

A good catsup is characterized by fairly high citric acid content 
(0.5 to 0.8 percent) and slight lactic acid content. The fresh, sound 
tomato or tomato pulp, contains no volatile acid (citric and lactic 
acids are non-volatile acids) and in unspoiled tomato catsup the 
volatile acidity is due to acetic acid from vinegar and ranges gen- 
erally from 0.5 to 1.5 percent (or 5 ^'grains” to 15 “grains”). Of 
course, in the cooking of tomato catsup, considerable volatile acetic 
acid is lost. 

Tomatoes vary considerably in composition, but are, at the best, 
mainly water, the total solids seldom exceeding 6 percent and averag- 
ing nearer to 5 percent. These solids are composed of, on the aver- 
age, about 2.5 percent reducing sugars, about 0.5 percent citric acid, 
0.8 percent “protein” (N X 6.25), 0.5 percent fiber, 0.2 percent fatty 
oil and about 0.5 percent ash. In the commercial manufacture of 
tomato catsup, the skins, seeds and more solid parts of the core are 
screened out, leaving what is known as “cyclone juice,” and this 
juice is then concentrated by evaporation, to a specific gravity of 
1.035 (68° F.), constituting then what is known as “tomato pulp.” 
This “pulp” is the actual basis of the catsup and at the above spe- 
cific gravity will contain about 8.5 percent total solids and weigh 
somewhat over 8 pounds, 10 ounces to the gallon when cold. 

The skin constitutes about 10 percent of the tomato and seeds 
about 5 percent. In the canning of tomatoes, the tops are sliced 
off and the skin and core so roughly removed that considerable pulpy, 
fleshy material of the tomato adheres. It is customary to use these 
“trimmings” (cores, skin, etc.) to make a slightly lower grade of 



130 


THE LEGAL CHEMISTRY OF FOODS 


''pulp/' and if the whole fruit is sound and ripe, there is no reason 
why a given batch of tomatoes should not yield both the canned 
product and a good grade of "pulp" for making catsup. 

For many years, however, some very careless, aye filthy, methods 
prevailed in the canning factories, the sorted-out moldy and (some- 
times) half-rotten tomatoes being added to the "trimmings" which, 
together with any green or malformed tomatoes delivered at the 
factory, constituted the raw material for making "pulp" for catsup 
manufacture. This has been largely done away with by Federal 
inspections of canning factories and many prosecutions and con- 
demnations of shipments for showing an excess of mold or yeasts, 
under the microscope. 

The pulp and subsequent catsup made from "trimmings" analyze 
slightly different from the products made from whole tomatoes, when 
the data are calculated to a dry, sugar-free and salt-free basis; and 
from Table 38 showing analyses of a rather watery grade of tomato 
we have calculated the results to a dry (water-free) basis, as a basis 
to compare the pulp and catsup with, later on. 

Table 38. Analyses of Tomatoes. 

Whole Cyclone » 

Fruit Juice Skins Seeds 


Percent 

Total solids 4.37 3.62 6.46 12.55 

Insoluble solids 1.44 0.64 3.62 10.30 

Soluble solids 2.93 2.98 2.84 2.25 

Sugars 2.37 2.25 3.15 2.91 

Sugar-free solids 2.00 1.37 3.31 9.64 

Crude fiber 0.46 0.22 1.75 1.93 

Ash 0.42 0.41 0.48 0.44 

Fatty oil 0.27 0.09 0.11 3.38 

“Protein^’ 0.85 0.65 0.97 *3.89 

Acidity (as citric acid) 0.50 0.35 


Table 38 calculated to a dry basis gives the results and ratios shown 
in Table 39. 


Table 39. Analyses of 

Tomatoes 

(water-free 

basis). 



Whole 

Cyclone 




Fruit 

Juice 

Skins 

Seeds 





Insoluble solids 

32.95 

17.68 

56.04 

82.07 

Soluble solids 

67.05 

82.32 

43.96 

17.93 

Sugars 

54.23 

62.14 

48.76 

23.18 

Sugar-free solids 

45.77 

37.86 

51.24 

76.82 

Crude fiber 

10.53 

6.08 

27.09 

15.38 

Ash 

9.61 

11.33 

7.43 

3.51 

Fatty oil 

6.18 

2.49 

1.70 

26.93 

“Protein” 

19.45 

17.96 

15.02 

31.00 

Insol. solids in sugar-free solids 

71.9 

46.7 

109.3 


Fibre in sugar-free solids 

23.0 

16.0 

52.9 


Ash in sugar-free solids 

20.9 

29.9 

14.5 

• • • « 
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The data of most interest in the calculation of tomato constitu- 
ents to a dry basis are the last three ratios, for by calculating the 
tomato catsup to a similar dry, salt-free and sugar-free basis it will 
be seen that the catsups of known purity have very similar ratios 
to those given above for cyclone juice. The above three ratios for 
the whole fruit are, of course, rendered useless by the inclusion of 
the seeds, while as concerns skins, one can not expect to find the ratio 
of fiber to sugar-free solids duplicated in so-called “core and skin” 
(trimmings) pulp catsups, because the fibrous true skin is also 
largely kept out of catsup. 

The pulp, which is the basic material of tomato catsup, is made, 
as said above, by salting and concentrating the cyclone juice (from 
whole tomatoes or from trimmings) approximately to the standard 
specific gravity (1.035) or, roughly, to about double the consistency 
of the cyclone juice. Pulps of this grade will analyze about as shown 
in Table 40. 

Table 40. Tomato Pulps. 


Specific gravity (68° F.) 

Minimum 

1.025 

Maximum 

1.046 

Average 

1.D35 

Total solids 

6.67 

Percent 

10.24 

8.50 

Salt (added) 

0.00 

1.30 

0.50 

Salt-free solids 

5.37 

10.09 

8.00 

Insoluble solids 

0.81 

1.63 

1.25 

Reducing sugars .’ 

1.50 

5.66 

4.50 

Acidity (as citric acid) 

0.38 

0.80 

0.70 


This tomato pulp is also the basis for the manufacture of purees 
and tomato pastes of different consistency, some of which are canned 
and others preserved by an excess of salt. 

During the cooking of the pulp with the various ingredients con- 
sidered necessary by different catsup manufacturers, such as sugar, 
salt, spices, garlic, onions, vinegar, etc., to form catsup, there is a 
further concentration of the original cyclone juice so that a finished 
catsup is from three to four times as concentrated as the original 
juice or about double the concentration of the tomato pulp. 

The following recalculated analyses of ten catsups, known to be 
whole tomato pulp products, and five known or judged to be made 
mainly from trimmings, show particularly the value of the ratio be- 
tween insoluble solids and the “sugar-free and salt-free solids.” The 
reversal of the ratio of “salt-free ash” to “sugar-free and salt-free 
solids,” the author attributes to the dirtiness of the “trimmings” as 
often sold. 



Table 41. Analyses of Catsups. 
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The following data suggest standard limits for a good catsup, viz.: 
Insoluble solids not less than thirty (30) percent nor more than 
sixty (60) percent of the sugar-free, salt-free solids; crude fiber not 
more than sixteen (16) percent of sugar-free, salt-free solids; salt- 
free ash not more than thirty (30) percent of sugar-free, salt-free 
solids; and the sugar-free, salt-free solids not less than four (4) per- 
cent. 

The last requirement would cause the rejection of two of the 
catsups of known purity, but as one sells for a very high rate per 
pound, the manufacturer can afford to sell a little more tomato with 
less sugar if necessary. This brand, by the way, is just on the border- 
line of the above proposed standard throughout. 

It must be remembered that from 0.5 to 0.8 percent of the acidity 
in a catsup made from sound fruit will be due to the fruit citric acid 
of the tomato, hence it will appear that certain brands contain very 
little vinegar or that the volatile acetic acid of the vinegar has been 
largely lost by cooking. 

Various faulty proposed standards for tomato catsup have been 
published, usually calling for a certain proportion of ^Total solids” 
or “soluble solids.” These disregard entirely the fact that sugar is 
used by different catsup manufacturers, in widely varying propor- 
tions, so that if one manufacturer is making what might be called 
a “tomato jam” containing 25 percent sugar, and another was selling 
much more tomato pulp and only a very little sugar, the former^s 
product would comply with the standard proposed, while the latter^s 
would not! 

Obviously, the only fair basis of judgment is to calculate the data 
to a dry, sugar-free, salt-free basis (see analytical item “sugar-free, 
salt-free solids”) and then make comparisons. 

We have mentioned the custom of the Federal (and some State) 
officials in judging the legal cleanliness of tomato catsups, etc., from 
a microscopical estimation of molds, yeasts and bacteria. An excess 
of yeasts indicates usually that fermentation of the tomato “pulp,” 
or finished tomato catsup or paste, has taken place, but it must 
not be overlooked that this constitutes an old, well known, though 
somewhat foolish, method of preparing catsup and that certain kinds 
of tomato paste are purposely allowed to ferment. Bacteria, too, 
would be excessive in such products. 

In tomato catsup inspection it has always seemed to the author that 
the interpretation of molds as evidence of a certain percentage of 
decomposition (rot) in the original tomatoes should be substantiated 
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by chemical data. Some molds cause rot and rotten parts of a tomato 
are frequently infested with molds, but because somq factory experi- 
ments showed an approximate relationship between the mold count 
and the percent of rot, it does not follow that all mold indicates rot, 
especially in those food inspection cases where nothing is known of 
the history and condition of the original tomatoes. 

When a tomato cracks (especially small radiating cracks at the 
stem end) from too rapid growth during wet weather, the cracks 
quickly become filled with a delicate white mold, although the flesh 
beneath is firm and undecomposed. Also the black or brown rot 
may be visible as but a small speck on the skin (which would natur- 
ally not lead to rejection) although a deep-seated core of groWth 
might exist and give a high mold count. 

A high mold count should simply be a sign indicating the desir- 
ability of a chemical analysis to estimate an appreciable decomposi- 
tion (if any) ; and to base a prosecution on the mold count alone 
and condemn big shipments thus, as has been done hundreds of times 
because canners would rather not elect to contest Government officials, 
seems utterly unscientific and unfair. 

It is not as if nothing were known of the chemical changes taking 
place during the spoilage of tomatoes. On the contrary, several of 
the U. S. Bureau of Chemistry’s best men have carefully studied the 
chemical changes taking place during the spoilage of tomatoes and 
have published an ofiicial “Circular” (No. 78) on the “Changes Tak- 
ing Place During the Spoilage of Tomato Products.” 

It was shown clearly in the case of rot caused by mold, that the 
citric acid of the tomato was rapidly decreased and, by associated bac- 
terial action, lactic acid and volatile acids (butyric acid) were formed. 
The butyric acid would be lost in cooking operations but the non- 
volatile lactic acid would remain. Thus on sound and spoiled raw 
tomatoes (both from same batch) the data of Table 42 were deter- 
mined. 


Table 42. Change of Composition of Tomatoes on Rotting. 



Sound 

spoiled Tomatoes 
After 10 After 2 


Tomatoes 

Days 

Weehs 

Total solids 

5.80 

—Percent — 
3.66 


Reducing sugars 

3.30 

None 

. . . 

Citric acid 

0.59 

. . . 

None 

Lactic acid 

None 

0.48 

0.37 

Volatile acids (as butyric acid) 


0.12 

0.46 

Tree ammonia 

0.Q40 

0,056 

0.068 



LEGAL CHEMISTRY OF SOME CONDIMENTAL SAUCES 135 


Four samples of tomato pulp which were known to be made from 
inferior raw material or had undergone fermentation, showed little 
or no citric acid left and lactic acid ranging from 0.42 to 0.75 per- 
cent. Three others known to be good quality showed citric acid to 
range from 0.38 to 0.52 percent, with only a slight lactic acid con- 
tent, ranging from 0.07 to 0.20 percent. Three samples of pulp were 
inoculated with mold and allowed to spoil. The citric acid content 
was greatly lowered (practically none left in two cases) and lactic acid 
was formed, as high as 0.27 percent in one case. 

These experiments plainly show that any appreciable spoilage, 
due to molds mainly, can be detected by a chemical estimation of 
the citric acid (which would not be affected by the cooking and 
spicing of catsup making) and that bacterial spoilage can be detected 
by the formation of lactic acid in excessive quantity and formation 
of volatile acids and free ammonia. 

In U. S. Bureau of Chemistry Bulletin 152 (p. 121) McGee, re- 
porting as associate referee in the ^^Association of Official Agricul- 
tural Chemists,” made two samples of catsup by exactly the same 
recipe, one from clean, sound tomatoes and the other from same to- 
matoes which had been allowed to stand until each had started to 
decay and were infested with mold. These two catsups were then 
analyzed by three different chemists (the agreement between the 
different analysts being generally good) with average results shown 
in Table 43. 


Table 43. Analyses of Catsups Made from Sound and Moldy Tomatoes. 


Total solids 

Insoluble solids 

Soluble solids 

Total sugars (after inversion) 

Citric acid 

Lactic acid 

Nitrogen 

Pectin 

Protein (N X 6.25) 


Tomato Catsup Approxi- 

Tomato Catsup {moldy mate 

{sound fruit) decayed fruit) Loss 

Percent 

. . 23.50 19.30 18 

.. 2.34 1.84 18 

.. 21.10 17.40 18 

. . 15.20 12.40 18 

. . 0.52 0.38 22 

0.30 0.59 100 gain 

. . 0.34 0.24 30 

.. 1.17 ■ 0.87 30 

. . 2.14 1.53 30 


The total solids, soluble solids and sugars depend upon the pro- 
portion of sugar used in making the catsup, but the other items are 
independent of this and would not be appreciably affected by cook- 
ing processes. The data as a whole show that profound changes take 
place, capable of measurement by chemical methods. The lowering of 
the insoluble solids show destruction of the cell-wall tissue of the 
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tomato, by mold growth; the citric acid has been largely decreased 
by the same cause and the lactic acid doubled in quantity by the 
accompanying bacterial groT\dh. The nitrogenous products (^'protein’’) 
have been decomposed and nitrogen lost (as ammonia and amines) 
and even the pectin is affected. 

It seems very conclusive, therefore, that really excessive mold 
growth, causing appreciable rot and spoilage of tomatoes, is detectable 
by exact chemical methods, and it is the author’s opinion that unless 
chemical data confirm the microscopic “counts,” tomato products 
should not be destroyed off-hand in wholesale quantities as has been 
and is being done. If a tomato pulp, catsup or paste analyzes cliem- 
ically normal throughout, it is entitled to all the doubts accompanying 
the microscopical counting methods for molds and bacteria. 


Prepared Mustard 

This product is one of the most acceptable and used of the various 
condimental sauces containing vinegar and, in this country, as in 
the case of tomato catsup, the vinegar generally used in making it is 
spirit vinegar. In prepared mustard the vinegar is used for both 
acid taste and preservative qualities, but much of its preservative 
value depends upon the co-operating effect of the volatile oil of 
mustard; in fact, a proportion of vinegar acidity that will serve as 
a preservative in a genuine mustard paste frequently fails in a paste 
made from mustard-seed substitutes or combinations of true mus- 
tard seeds which yield little or no volatile oil of mustard. Thus 
white mustard {Sinapis alba) alone yields very little volatile oil 
upon macerating with water or vinegar, and from all standpoints it 
has been found desirable to mix white mustard with black, brown 
or Oriental yellow mustards in order to get the flavor and preserva- 
tive effects of the volatile mustard oils yielded by those varieties. 

According to the Federal food standards (Circular 136, Office of 
the Secretary, United States Department of Agriculture), “mustard 
seed is the seed of Sinapis alba, L. (white mustard), Brassica nigra 
L. Koch (black mustard), Brassica juncea Hook f. et Th., or varieties 
or closely related species of the types of Brassica nigra and Brassica 
junceaF ‘'Sinapis alba (white mustard) contains no appreciable 
amount of volatile oil. It contains not more than five percent (5%) 
of total ash, nor more than one and five-tenths percent (1.5%) of 
ash insoluble in hydrochloric acid.” 

"Brassica nigra (black mustard) and Brassica juncea yield (at 
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least) six-tenths percent (0.6%) of volatile mustard oil (calculated 
as allyl isothiocyanate and determined by the method given in Service 
and Regulatory Announcements, Chemistry 20). The varieties and 
species closely related to the types of Brassica nigra and Brassica 
juncea yield not less than six-tenths percent (0.6%) of volatile mus- 
tard oil, similar in character and composition to the volatile oils 
yielded by Brassica nigra and Brassica juncea. These mustard seeds 
contain not more than five percent (5%) of total ash, nor more than 
one and five-tenths percent (1.5%) of ash insoluble in hydrochloric 
acid.” 

The Service and Regulatory Announcement mentioned above also 
specifies that whole mustard seed must not contain more than 5 per- 
cent of foreign seed or other foreign matter and specifically mentions 
Brassica cernua, Thumb, (so-called Chinese or Japanese mustard 
seed) as a variety or species ^^closely related to the types of Brassica 
nigra and Brassica juncea” This Chinese or Japanese mustard seed 
is bright yellow in color when ripe, but is usually sold with a large 
proportion of greenish colored unripe seeds, together with some brown 
mustard seeds of related species or varieties. Unlike the English, 
California, German, or Roumanian, white or yellow mustards {Sinapis 
alba, L.) which yield but traces of volatile oil, this Chinese or Japa- 
nese mustard {Brassica cernua. Thumb.) yields only a little less vola- 
tile mustard oil than do the black {Brassica nigra) and brown {Bras- 
sica juncea) varieties and it is recognized as the equivalent of the 
latter in the Japanese Pharmacopoeia. 

A great deal of this Chinese or Japanese yellow mustard seed, hav- 
ing approximately the same condimental value as black or brown 
mustards, is being imported and sold cheaply and, when ripe and 
free from excess of weed-seeds which cause fermentation, it can re- 
place a considerable proportion of the customary black or brown seeds, 
this privilege being specifically allowed in Service and Regulatory 
Announcement, Chemistry 14. 

In contradistinction to this yellow mustard having the condimental 
volatile oil yielding value of black mustard, we have also a black 
wild mustard seed which closely resembles Sinapis alba in composi- 
tion, yielding but a slight proportion of volatile oil. This is the 
wild mustard seed known as charlock {Sinapis arvensis, L.), which 
for some reason, probably because it can be cheaply bought as a 
by-product from the cleaning of wheat and therefore is not culti- 
vated, is not allowed (according to Federal Food Inspection Decision 
137) to be used as a mustard seed. The Decision reads: “It is the 
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opinion of the board that when charlock is substituted in part for 
mustard the label should clearly indicate the fact. A condiment pre- 
pared from mustard or mustard flour and charlock with salt, spices, 
and vinegar is not “Prepared Mustard,” but, provided a greater quan- 
tity of mustard than charlock is used, it should be called “Prepared 
Mustard and Charlock.” 

In two test cases, where the United States Department of Agri- 
culture has tried to prosecute under the above arbitrary dictum, the 
Government has been decisively beaten in court. In the first case 
(see Notice of Judgment 1552), the author was expert for the defense 
against a half dozen Government chemists and botanists and in the 
second case (see Notice of Judgment 4811), the Federal Judge (Ander- 
son) held that there could be a “pure wild mustard,” that charlock 
was wild mustard, and that there was no misbranding because wild 
mustard had been sold as “pure mustard.” However, in spite of these 
defeats. Food Inspection Decision 137 has not been rescinded and in 
general the trade are careful not to use mustard seeds containing more 
than traces of charlock. 

Among the really serious adulterations of mustard seeds, the vari- 
ous rape-seeds should be mentioned, on account of the frequently 
close similarities between the related species and because the use 
of a rape-seed, instead of a volatile mustard oil yielding seed, means 
disagreeable flavor in the “prepared mustard” and an absence of 
volatile oil of mustard to assist the vinegar in preventing fermenta- 
tions. 

About ten years ago, big shipments of a Chinese yellow rape-seed 
(Colza or Brassica campestris, variety Sarson) were imported as 
rape-seed and then resold as a “yellow mustard,” which it some- 
what resembled. This caused the spoilage of vast quantities of “pre- 
pared mustard” until the fraud was detected by the author. Later 
the U. S. Department of Agriculture seized several big shipments 
and the author served as expert for the Government in the test case 
which ended the fraudulent scheme. The rape-seed in question (Colza 
or Sarson) yielded about 0.4 percent of a volatile oil smelling like 
radish, but having little or no preservative value. 

The odor of a pure prepared mustard is a very characteristic, 
pleasing one and is due mainly to the volatile oil of mustard, as is 
also due much of the flavor. The “bite” or stinging taste is due 
to volatile mustard oil and a non-volatile sinalbin sulfocyanide yielded 
by ordinary white or yellow mustard (Smapis alba) upon macerating 
with water, or vinegar, or both. 
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The mustard seeds which yield the volatile oil of mustard are 
distinguished from those which yield little or none {Sinapis alba or 
white mustard and Sinapis arvensis or charlock) by being reticulated, 
i.e., the surface of the seed, showing a fine network. Two of the 
brown rapes show distinctly reticulated surfaces, i.e., Palai Rape 
(Brassica rugosaj Prain) and Tori or Brown Indian Rape {Bras- 
sica Napus, L. var. dichotoma, Prain), but neither of them yield 
the legally required amounts of a volatile oil, much less a vola- 
tile mustard oil. The following data (Table 44) show, the range in 
composition in various mustard seeds and in brown and yellow rape- 
seeds. The latter show considerably more fatty oil and less ^^protein’’ 
and “reducing substances,” than do the mustard seeds. 

Table 44. Analyses of Mustard Seeds ^ and Rape Seeds 


Black or Brown 

White Mustard Charlock Mustard 

CSinapis alba) (^Sinapis arvensis) iB. nigra or juncea) 

* Percent 

Volatile oil 0.04 to 0.1 0.1 to 0.22 0.65 to 1.38 

Patty oil 22.6 to 32.3 21.4 to 30.1 26.0 to 39.8 

Crude fiber 4.8 to 6.7 7.1 to 9.3 4.2 to 8.0 

Nitrogen 3.9 to 5.4 4.0 to 5.2 3.5 to 4.8 

“Protein” (N X 6.25) 24.3 to 33.7 27.4 to 28.1 21.9 to 30.0 

Reducing substances * 8.7 to 13.7 9.1 to 12.9 7.8 to 14.0 

Total ash 3.6 to 5.5 4.0 to 4.9 3.7 to 8.9 

Phosphorus as Pj Ois 1.5 to 2.6 1.7 to 2.5 

Iodine No. of fatty oil 93. to 103.5 119. to 121. 100. to 122. 

Sapon. No. of fatty oil 170. to 175. 181. to 183. 173. to 179. 

Yellow Rape 

Chinese Mustard Brown Rape {Colza or Sarson) 

(Brassica cemua) (B. Napus, etc.) (B. campestris) 

Percent 

Volatile oil 0.7 to 1.0 0.3 to 0.46 0.42 to 0.48 

Fatty oil 33.7 to 43.9 41.8 to 47.0 40.0 to 45.8 

Crude fiber 3.7 to 4.5 4.1 to 6.2 3.9 to 4.2 

Nitrogen 3.9 to 4.4 

•Trotein” (N X 6.25) 24.3 to 27.5 22.7 to 24.3 22.4 to 24.8 

Reducing substances* 12.5 to 13.1 11.0 to 11.6 11.3 to 11.7 

Total ash 3.9 to 8.4 4.4 to 5.4 5.5 to 6.5 

Phosphorus as Pa O5 1.3 to 2.0 

Iodine No. of fatty oil 108. to 117. 94.0 to 105.0 96.5 to 100. 

Sapon. No. of fatty oil 169. to 177. 169. to 174. 


♦ After inversion and calculated as starch (no true starch in mustard seeds) . Well 
dried mustard seeds contain about 7 percent moisture. 


The Federal standard for “ground mustard seed, mustard meal” 
defines it as “unbolted, ground mustard seed,” and “conforms to 
the standards for mustard seed.” “Mustard flour, mustard” is defined 

1 See J. Asaoo. Official Agri. Chem., Aug., 1923, p. 72-5, for data on different 
varieties of brown, yellow and Oriental seeds. Also see Chapter VII on “The Legal 
Chemistry of Spices,” under Mustard. 
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as “the powder made from mustard seed with the hulls largely re- 
moved and with or without the removal of a portion of the fixed 
(fatty) oil” and “contains not more than one and five-tenths per- 
cent (1.5%) of starch, nor more than six percent (6%) total ash.” 
The limit of 1.5 percent for starch is for the purpose of accommo- 
dating any traces of starch-containing weed-seeds that may be present 
(within the 5 percent limit of foreign matter) ; but it must be re- 
membered that pure mustard itself contains no starch at all. The 
hulls, which are removed in the preparation of “mustard flour,” are 
the commonest adulterant of prepared mustard, and the limit for 
crude fiber in the Federal Standard for prepared mustard is for the 
purpose of detecting any excess of hulls, over and above those com- 
ing from grinding the whole seed, when making prepared mustard. 
The microscope will quickly demonstrate the presence of any un- 
cooked starch in mustard. Table 45 shows the analytical limits found 
in twenty-three samples of commercial ground mustard, examined in 
the Connecticut and Massachusetts food inspection departments. 


Table 45. Analyses of Commercial Ground Mustards and Flours. 

Percent 

i¥ iniraum M axiinum 


Moisture 5.09 9.50 

Non-volatile ether extract (fatty oil) 12.65 38.47 

Alcohol extract 19.22 25,31 

Nitrogen 5.70 7.44 

‘Trotein’’ (N x 6.25) 35.63 46.50 

Crude fiber 1.58 4.87 

Starch (diastase method) 0.00 2.08 

Total ash (mineral residue) 4.36 7.35 

Ash insoluble in acid 0.08 0.50 


The Federal standard for prepared mustard calculates the crude 
fiber and other analytical limits to a water-free, fat-free and salt- 
free basis and in the Massachusetts data included above (three samples 
of brown mustard seed ^^flour” and two samples of yellow mustard 
seed “flour’’) the values of Table 46 were obtained. 


Table 46. Analyses of Mustard Flours (on dry, fat-free basis). 

Brown Mustards Yellow Mustards 



Minimum 

Maximum 

Minimum 

Maximum 





Alcohol Extract 

26.64 

32.88 

29.93 

30.13 

Nitrogen 

8.27 

9.61 

9.00 

9.20 

Crude fiber 

3.15 

4.26 

2.31 

3.20 

Starch (diastase method) ...... 

6.75 

15.43 

7.54 

8.34 



LEGAL CHEMl&TRY OF SOME CONDIMENTAL SAUCES 141 


As prepared mustard is nearly always made by grinding the whole 
seed, it is of interest to see how the various constituents of whole 
mustard seeds figure out when calculated to a dry, fat-free basis 
(Table 47). 

Table 47. Analyses of Mustard Seeds (on dry, fat-free basis). 


Brown Mustards (17) Yellow Mustards (22) 
Minimum Maximum Minimum Maximum 

Percent 


Alcohol Extract 

. . . 24.33 

24.54 

23.69 

26.85 

Nitrogen 

. . . 6.42 

8.00 

6.00 

8,35 

Crude fiber 

. . . 7.24 

11.00 

7.34 

11.00 

Carbohydrates* (as starch) 

... 11.94 

13.03 

12.74 

15.91 

Phosphorus as PaOc 

Calcium (as CaO) 

. . . 2.92 

4.40 

2.30 

4.13 

. . . 0.85 

1.73 

0.73 

1.30 

Magnesium (as MgO) 

. . . 0.85 

1.33 

0.61 

0.98 

Ratio Nitrogen to Crude Fiber 

. . . 0.56 

1.00 

0.59 

1.00 

Ratio P 2 O 5 to Crude Fiber 

. . . 0.28 

0.42 

0.28 

0.46 

Ratio CaO to MgO 

. . . 0.84 

1.71 

0.96 

1.69 


Oriental (Chinese) seed shows about same range of values as brown mustards, 
except crude fiber which ranges from 7.2 to 8.3 percent. 

* Acid method. 


It will be seen that the highest value we have for crude fiber 
(calculated to a dry, fat-free basis) in either mustard flour, or ground 
whole mustard seeds, is 11 percent as compared with the 12 percent 
limit allowed in the Federal standard for prepared mustard. More- 
over this value was obtained on a single yellow mustard (a Dutch 
seed) and on a single brown seed from Chile; and a yellow (or white) 
mustard seed alone would never be used for making a prepared mus- 
tard, as the product would be deficient in volatile mustard oil, upon 
which depends the odor, preservative value and, to some extent, the 
flavor. None of the brown mustard seeds showed over 11 percent 
crude fiber, when calculated to a dry, fat-free basis, but there are 
brown seeds containing as high as 8 percent fiber, which, when 
calculated to a dry, fat-free basis, would approach fairly near to or 
even exceed the 12 percent crude-fiber limit of the Federal standard 
for prepared mustard. 

Mustard hulls themselves, containing from 10.77 percent to 25.18 
percent crude fiber, would figure out from 14.10 percent to 29.20 percent 
(average 21.11%) crude fiber, when calculated to a dry, fat-free basis 
(see below). 

The new Federal standard for Prepared Mustard provides for 
the use of ^^Mustard Cake,^^ which is legally defined as ^'ground mus- 
tard seed, mustard meal (see above) from which a portion of the 
fixed (fatty) oil has been removed.” In full the Federal standard 
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for “Prepared Mustard” defines it as “a paste composed of a mix- 
ture of ground mustard seed and/or mustard flour and/or, mustard 
cake, with salt, a vinegar, and with or without sugar (sucrose), 
spices, or other condiments. In the fat-, salt-, and sugar-free solids 
it contains not more than twenty-four percent (24%) of carbo- 
hydrates, not more than twelve percent (12%) of crude fiber, nor 
less than five and six-tenths (5.6%) of nitrogen, the carbohydrates 
being calculated as starch.” 

As to the composition of mustard hulls, or mustard-bran, it is 
desirable to study it by the same chemical data as determined on 
the whole seed (or meal) and “flour,” and especially on a dry, fat- 
free basis, as it is only by such comparison that small additions of 
mustard-bran to prepared mustard can be detected. Some quite ex- 
tensive analyses of nineteen commercial mustard brans have recently 
been reported by Hertwig (see J. Assoc. Official Agri, Chem.j Nov. 
1923), supplementing the extensive analyses (43 in all) of yellow, 
brown and Oriental (China and Japan) mustard seeds in the August, 
1923, issue of the same journal (Table 47). When these are calculated 
to a water- and fat-free basis, as in the case of the mustard flours 
and particularly the mustard seeds (see above), we have the same 
basis as the standard for a prepared mustard and also a means for 
detecting added bran. 


Table 48. Analyses of Commercial Mustard-Brans. 


Original Bran 

Moisture 

Fatty oil 

Nitrogen 

Crude fiber 

Total ash 

Acid insoluble ash 

Phosphorus as P 2 O 6 

Calcium (as CaO) 

Magnesium (as MgO) 

D^, Fat-Free Basis 

Nitrogen 

Crude fiber 

Phosphorus (as P2O5) 

Calcium (as CaO) 

Magnesium (as MgO) 

Ratio Nitrogen to crude fiber 

Ratio PaOs to crude fiber 

Ratio CaO to MgO 


Percent 


Minimum 

Maximum 

6.82 

11.08 

5.86 

17.89 

2.28 

4.52 

10.77 

25.18 

4.29 

5.68 

0.01 

0.61 

0.34 

1.85 

0.64 

1.61 

0.22 

0.60 

2.70 

5.92 

14.10 

29.20 

0.40 

2.42 

0.86 

1.91 

0.27 

0.79 

0.09 

0.42 

0.01 

0.17 

1.70 

7.20 


By comparing the amounts of P^Ob, CaO and MgO, and especially 
the three ratios, with similar items as given under the mustard seeds 
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(on dry, fat- free basis) we find differences so great that the presence of 
small proportions of added bran (that would not be revealed by the 
crude fiber alone) becomes possible of detection. 

A supplementary Service and Regulatory Announcement (Chem- 
istry 28) specifically says that ''prepared mustard,^' "mustard dress- 
ing,'' etc., "are deemed adulterated and misbranded if they contain 
any added mustard-bran." If the added bran (hulls) does not pre- 
dominate, the product can be labeled "prepared mustard and mus- 
tard-bran," or "mustard and mustard-bran dressing" or equivalent 
expressions. "The name 'prepared mustard' or a synonym followed 
by a list of ingredients including mustard-bran is not regarded as 
proper." Where the mustard product present is essentially mustard- 
bran (hulls) the article is regarded as an “imitation prepared mus- 
tard and should be labeled as such, with a declaration of the presence 
of mustard-bran and such other ingredients as may be responsible 
for imparting to the article its characteristics as an imitation." 

An early Service and Regulatory Announcement (Chemistry 5) 
says the "addition of turmeric to prepared mustard is not prohibited, 
provided the coloring added by means of turmeric does not conceal 
damage or inferiority. The presence of turmeric should in all cases 
be declared upon the label." The previous Federal standard for pre- 
prepared mustard ruled out turmeric as a spice which would "simulate 
the color of yellow ground mustard." This was a direct contradiction 
to the above Service and Regulatory Announcement. The new Federal 
standard (Food Inspection Decision 192) says nothing that can be 
construed as prohibiting turmeric. 

Turmeric is a well known spice and Dr. A. L. Winton, who analyzed 
the prepared mustards upon which the Federal standard is based 
and who largely formulated the Federal standard itself, says, “Turmeric 
is not only a color, but also a spice, and its use is therefore unques- 
tionably permissible." The stand taken in the old Federal prepared 
mustard standard was therefore rather arbitrary, to put it mildly, 
and in a test case (Notice of Judgment 1552), in which the author 
appeared as expert for the defense, some ten years ago, the six Gov- 
ernment experts were decisively beaten and the Federal Judge (Holt) 
ordered an acquittal, holding that turmeric was a spice and as such 
was a permissible ingredient of prepared mustard, whether stated 
on the label or not. Most manufacturers, however, in order to avoid 
argument and complications, word the label as "containing spices 
including turmeric." 

In another respect the old Federal standard for prepared mus- 
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tard was even more absurd. The data (mainly Dr. Winton’s) , upon 
which the standard was based, were calculated to a dry, fat-free and 
salt-free basis. Also the Massachusetts data on mustard flours and 
ground seeds (given above) were calculated to a dry, fat-free basis. 
Yet whoever was responsible for the wording of the former standard, 
used the phrase “calculated free from water, fat,’’ etc., thus not 
taking into consideration the percentage of acetic acid present (com- 
ing from the vinegar) and averaging about 3 percent in the wet 
paste. Therefore, as it formerly read, this approximate 3 percent of 
acid must be added to the total solids, from which the fat and 
salt had been deducted and to which the “carbohydrates,” crude fiber 
and nitrogen were calculated back. 

This made the limits of the old prepared mustard standard con- 
siderably more liberal than they were intended to be, and as con- 
cerns nitrogen and “carbohydrates” the standard was certainly liberal 
enough, and also for crude fiber in any except an extreme case of a 
seed containing 7 to 8 percent crude fiber. The author pointed out this 
oversight in the former prepared mustard standard, in his booklet on 
the “Federal Spice Standards” nearly twenty years ago, but only 
recently has the standard been corrected, although most food con- 
trol chemists calculated the crude fiber, etc., back to a dry, fat- 
free and salt-free basis, as was intended by Dr. Winton, formerly of 
the Connecticut food inspection laboratory, and others. 

The limits shown in Table 49 are those obtained in the analyses 
of fifteen samples of pure prepared mustard at the Connecticut food 
inspection laboratory, and twenty by the author. 


Table 49. Analyses of Prepared Mustard. 


Moisture 

Acidity (as acetic acid) 

Total solids 

Fatty oil 

Nitrogen 

“Protein’’ (N x 6.25) 

Crude fiber 

Carbohydrates as starch (acid method) . 

Total mineral residue (ash) 

Salt 

Ash other than salt 

Dry, Fat- and Salt-Free Basis 
Carbohydrates as starch (acid method) . 

Crude fiber 

Nitrogen 

* Evidently contained an excess of hulls. 


Minimum 
62.10 
1.80 
11.70 
1.50 
0.58 
3.62 
0.61 
1.83 
. 2.60 
1.23 
0.82 


16.82 

7.77 

*5.12 


Percent 

Maximum 

83.68 

4.39 

34.90 

10.15 

0.99 

6.22 

1.83 

3.12 

8.63 

6.41 

2.22 


24.37 

*14.12 

7.03 


Average 

78.9 

3.0 
18.1 

4.4 

0.77 

4.3 

1.3 

2.4 
3.6 

2.5 

1.1 


20.15 

9.95 

6.31 



LEGAL CHEMISTRY OF SOME CONDIMENTAL SAUCES 145 


Data published recently on some French prepared mustards indi- 
cate that “over there^’ it is customary to manufacture a considerably 
thicker product, the total solids on eleven brands ranging from 21 
percent to 41 percent, with an average of 31.4 percent. The acidity, 
in terms of acetic acid, ranged from 1.8 percent to 4.8 percent, averag- 
ing 3.7 percent. Unless the proportion of volatile mustard oil remain- 
ing in the paste is noticeably high, a prepared mustard should con- 
tain vinegar to yield about 3.0 to 3.5 percent acetic acid, for pre- 
servative purposes. 

Rather meagre data on the proportion of volatile mustard oil 
remaining in prepared mustards indicate that much of it is lost during 
manufacture and ageing. Any undue elevation of temperature dur- 
ing grinding or exposure to heated air during storage means a loss 
of this valuable ingredient. Some data, on possibly old samples, 
showed the volatile oil of mustard in domestic brands to range from 
0.01 percent to 0.09 percent. The data on the French pastes, referred 
to above, showed a volatile mustard oil content from 0.05 percent 
to 0.25 percent, averaging 0.13 percent. The opinion was given 
that any good prepared mustard should show at least 0.1 percent. 

Sugar is sometimes used in prepared mustard formulae, but in 
the author’s opinion serves no purpose, except to encourage fermen- 
tation. 


Salad Dressings 

The recent commercial manufacture of “salad dressings” has 
assumed almost gigantic proportions compared with a decade or so 
ago. Many wholesale grocers are making a salad dressing for their 
trade and a number of specialty manufacturers have developed a rela- 
tively large business in this product. 

As yet, it has received very little attention from the official food 
inspection chemists or executives. No definite legal standards for either 
“salad dressings” or “mayonnaise” have been issued and only a few 
analyses have been published in food inspection literature. 

“Mayonnaise,” according to standard recipes and dictionary defini- 
tions, appears to be well understood as applying to an emulsion made 
only from eggs, edible oil, vinegar and condimental substances like 
salt, sugar, mustard and other spices. 

“Salad dressing” has been regarded as having a more elastic lati- 
tude in composition. No mayonnaise recipe calls for the use of 
flour, gelatin, gums, starch or artificial color, but in salad dressings 
one or more of these ingredients are frequently used. Some are made 
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cold^ others cooked more or less, and methods of emulsifying vary in 
different factories. 

To be a satisfactory, successful product, a salad dressing (includ- 
ing mayonnaise) must be a stable emulsion, i.e., one that does not 
separate at all and allow a layer or even drops of the edible oil to 
form on top and a layer of water or vinegar to form at the bottom 
of the container. The conditions necessary to make an oil-water 
(or vinegar) emulsion that will remain permanent are well known. 
Water should not be over 15 percent. In addition to the two im- 
miscible liquids, (oil and watery liquid) one of which is to be very 
finely divided and dispersed in the other, by shaking and beating, 
there must also be present a third substance, the emulsifying agent, 
which is usually in colloidal form, or a very fine form of suspension. 

In mayonnaise the emulsifying agent is the protein of egg-yolk, 
known as vitellin, together with some assistance from any egg-white 
proteins (mainly albumin) that may be present. In cheaper salad 
dressing mixtures various gums, cooked starch, gelatin, etc., are used 
as emulsifying agents. 

The theoretical aspects of emulsification are somewhat beyond the 
scope of this article. Those interested in the conditions governing 
an ideal emulsification in mayonnaise should consult the reports of 
the ^^Cooperative Research Committee on Mayonnaise” of the Amer- 
ican Home Economics Association, where a large amount of valuable 
data has been reported.* 

In the manufacture of salad dressings, the use of egg-yolk is pref- 
erable to whole egg, as the binding (emulsifying) power of the egg- 
white is about one-fourth that of egg-yolk, and the egg-white also 
adds extra water, which is undesirable in some machines that have 
a tendency to splash. Also the yolk is rich in fatty oil itself and 
furnishes a good yellow color. However, a small proportion of egg- 
white mixed with the yolk is desirable for mayonnaise, and would 
better support any claims of egg (rather than egg-yolk only) being 
present. 

Frozen egg-yolk is niade on quite a large scale, especially for the 
bakery trade, and although there is considerable prejudice among 
salad dressing manufacturers against using frozen egg-yolks, yet it 
is mainly uncalled for and there are several distinct advantages, as 
pointed out by S. K. Robinson in a paper before the Food Section 
of the April, 1922, convention of the American Chemical Society. 

College.® appendix, following the Research on Mayonnaise by Prof. Mark of Simmon’s 
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Thus it removes the burden of candling and breaking eggs from the 
mayonnaise manufacturer; it enables him to have his supply of eggs 
packed during the months when fresh eggs are the cheapest and 
best in quality, and a product that can be bought by the pound, instead 
of varying sized eggs by number or case, presents an economic ad- 
vantage. Moreover the bacterial content is smaller, thus delaying 
the decomposition of the protein film adsorbed by the tiny droplets of 
oil in the emulsion and thus preventing the coalescing of oil droplets 
and separation of oil. 

In the dressings made by Robinson, reported in the above paper, 
the use of frozen egg-yolk proved entirely feasible, it being practically 
impossible to notice any material difference between dressings made 
with fresh egg and frozen egg-yolk, plus a little (1Q%) egg-white. 

The vinegar used in salad dressing is more often a fruit or malt 
vinegar than that used in catsup and prepared mustard, as the oppor- 
tunity for vinegar flavor to manifest itself is greater in salad dressings. 
The edible oil used is nearly always cottonseed oil, which is cheaper 
and less liable to develop rancidity than olive oil, under the condi- 
tions of aeration and oxidation during salad dressing manufacture 
and storage. 

The author has made a number of partial analyses of different 
brands of salad dressings to furnish data for would-be imitators and 
found a great variation in oil content and proportion of egg, etc. 
Recently the U. S. Bureau of Chemistry reported in the Journal of 
the Association of Official Agricultural Chemists for November, 1921, 
a study, by Dr. H. A. Lepper, of ten brands of commercial origin 
and one sample of mayonnaise made in the laboratory of the Bureau 
of Chemistry from a well known recipe. 

The sample prepared in the laboratory of the Bureau of Chem- 
istry was in the following proportions: Olive oil, 79.37 percent; cider 
vinegar, 11.41; sugar, 0.49; salt, 1.08; mustard, 0.59; two egg yolks, 
7.06; total, 100 percent. 

The attempt to calculate the percentage of egg-yolk from the leci- 
thin-phosphoric acid found on analysis, proved very unsatisfactory, 
as the data indicated 13 percent egg-yolk as compared with the 7.06 
percent actually present. It is evident that more work is necessary 
on the method of determining this important item before the results 
obtained with it can be considered as trustworthy. (See below for 
better results.) 

As the egg-yolk contains a large proportion of egg-fat or oil, the 
total fatty oil found in the analysis of the above laboratory-made 
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mayonnaise was about 3.8 percent more than the 79.37 percent of 
olive oil used. The proportions of sugar and salt found were very 
close to the proportions used and the volatile acidity (as acetic acid) 
was about what 11.4 percent of cider vinegar of average strength 
would furnish. The analytical results for the one Bureau of Chem- 
istry-made sample and the ten commercial brands, together with 
four analyzed by the author in his private analytical practice are 
given in Table 50. 

The figures for nitrogen, in the eleven analyses reported by Lepper, 
should be due to the protein of the egg-yolk (or whole egg as used 
by some manufacturers) plus the proteins and other nitrogen-con- 
taining constituents of mustard and other spices. Any addition of 
gelatin would considerably increase the nitrogen figure. 

The total ash (residue on careful burning) includes the salt; and 
the difference between the percent total ash and percent salt is due 
to mineral salts in the egg-yolk and spices, or gums or cereal prod- 
ucts, if present. Starch was found present in three samples, indi- 
cating the use of starch or cereal flour as filler or thickener. 

It is significant that the three samples containing starch in some 
form contained much less fatty oil than the other samples, excepting 
one sample with only 6.94 percent fatty oil, which may have been 
thickened with gelatin, as the nitrogen figure was very high, or with 
gum as stated on the label. This sample was boldly labeled “May- 
onnaise,’’ but can be considered only as a crude imitation of genu- 
ine mayonnaise. This judgment is true also of the sample contain- 
ing 12.62 percent oil and 4.42 percent starch, which is labeled “May- 
onnaise.” The sample containing 36.48 percent oil and 0.46 per- 
cent starch is not entitled to the name “Mayonnaise,” either. 

The water, plus the volatile acetic acid (from the vinegar), in 
the samples reported, ranged from 11.27 percent to 74.37 percent, 
truly a remarkable variation, and affording some idea of compara- 
tive manufacturing profits. If the generally understood definition 
of mayonnaise be accepted, the only water present should be that 
coming from the vinegar used, plus a small amount from the, eg'* 
material. A minimum limit of 75% fatty oil is logical. 

Only two of the commercial brands reported by Lepper come up 
to this standard, both being properly labeled “Mayonnaise.” The 
more elastic name of “Salad Dressing” allows more or less water 
from other sources, but it would seem desirable that even here a 
legal limit be fixed, for instance not over forty percent water, other 
than that coming from ten percent of vinegar. It seems only rea- 
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sonable to expect that half the product be oil, egg-solids, sugar and 
spices. Sugar, in the samples reported by Lepper, ranged from none, 
or a fraction of one percent, to as high as 11 percent, it being more 
or less inverted already by the cooking with vinegar acid. Unal- 
tered sugar was present in two rather low grade products in the pro- 
portion of 7.26 percent and 8.62 percent, in each case being roughly 
about two-thirds of the sugar originally used. In the two lowest 
grade samples (3.34 percent oil and 6.94 percent oil) about 10 or 
11 percent sugar had been used also. None of the samples con- 
taining 45 to 80 percent salad oil contained any appreciable amount 
of sugar.* 

As to spices, mustard is of course indispensable and a great variety 
of others are used in getting “bouquet’’ and characteristic flavors. 
Turmeric is a well known spice, universally used in curry and other 
dressings, but the yellow color of this spice should not be the only 
source of yellow color in the product, in other words, much of the 
yellow color should come from egg-yolk. One sample reported by 
Lepper (3.34% oil) was colored with a yellow coal-tar dye! 

Ultimately we shall have legal definitions and standards for salad 
dressings and mayonnaise, as we already have for prepared mustard, 
and meanwhile the trade can largely determine what those stand- 
ards will be, by bringing about some uniformity in the products; 
in other words by establishing an acceptable, fair trade standard, which 
the Government food inspection authorities will feel justified in adopt- 
ing. This has been the genesis of many of our official food standards. 

In the November, 1923, issue of the Journal of the Association 
of Official Agricultural Chemists, A. E. Paul, reporting as referee on 
“spices and other condiments,” describes an experiment similar to 
Lepper’s, wherein a salad dressing was made from a formula which 
on the percentage basis figured out as follows: 


Fatty oils (olive, peanut and cottonseed) 

Vinegar 

Mustard 

Sugar 

Salt ;;;;;; 

Egg-yolks (12) 

Preservative 


Percent 

82.62 

8.62 

0.61 

0.50 

1.11 

6.40 

0.14 


100.00 

This mixture would yield approximately 88.5 percent total solids (in- 
cluding oils) j about 85 percent of fatty material (including fat from 

* Sugar has been found to encourage fermentation and spoilage. 
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egg-yolks) ; about 0.47 percent total acid (as acetic acid from vine- 
gar) ; about 0.055 of lecithin-phosphoric acid (from egg-yolks) equiva- 
lent to 3.2 percent dried egg-yolk solids, or 6.4 percent fresh egg 
yolks. 

The salad dressing was analyzed by three experienced analysts 


with the following results: 

A 

B 

C 

Total solids (incl. oil) 

88.98 

89.75 

88.89 

Sugar 

0.40 

0.39 

0.58 

Total acid (as acetic) 

0.46 

0.47 

0.44 

Fatty oils 

85.91 

86.06 

82.51 

Lecithin-phosphoric acid 

0.054 

0.058 

0.058 

Equivalent to fresh yolks . . 1 

6.33 

7.05 

7.05 

Equivalent to yolk solids 

3.20 

3.44 

3.44 

In contradistinction to Lepper’s 

results it will be seen 

that the esti- 


mation of the proportion of egg-yolks from the lecithin-phosphoric 
acid content was satisfactorily close. This is perhaps the most im- 
portant test in the official analysis of a salad dressing, especially if 
a standard is adopted calling for a legal minimum of egg material, 
and the experiments show that the egg material (whether whole egg 
or egg-yolk) can be closely approximated. 


^^Woecestekshire’^ Sauce 

This product, so Anglo-Saxon in name, but largely Oriental in 
makeup, is to be found upon nearly every dinner table in English 
speaking countries. 

The “nobleman in the country,’’ whose “recipe” is the basis of 
the original sauce, as first made in England, must have been a trav- 
eled individual, to whom the universal food sauce of China and Japan 
appealed, but who, like most noblemen, wanted such a sauce hot and 
spicy. 

Therefore the delicate-fiavored soy sauce, which is the principal 
and most characteristic ingredient of “Worcestershire Sauce,” was 
vinegared and strongly peppered, with the result that we have a 
product of much less universal use than might be the case. , 

The vinegar used in the original recipe was presumably malt 
vinegar and some of the better grades of “Worcestershire Style Sauce” 
(to use the legally correct title for other than the original product) 
made in this country are made with malt vinegar, but more often 
a well flavored grain or spirit vinegar is substituted. 

A number of analyses indicate the finished sauce to contain about 
3 percent of acetic acid, showing the use of an approximately 60 
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^'grain” vinegar to thin down the thick soy sauce which is the char- 
acteristic basis of ''Worcestershire Style Sauce” and similar differently 
named products. 

The peppering is usually overdone and the other possible ingredi- 
ents ("fruit products” as some claim) are of little consequence, ex- 
cept possibly tamarind, but in soy sauce itself we have one of the 
most interesting and fascinating food products in the world, the 
universal food flavoring agent used by millions of Asiatics, and made 
and consumed in immense quantities. 

Those interested in the complex fermentation and technique in- 
volved in the manufacture of soy sauce and a number of related 
soy products, such as "miso” (a thick soup-stock), "tofu” (a sort of 
soy bean cheese), "natto” (another cheese) and soy bean milk, should 
consult the. recent valuable bulletin (No. 1152) prepared by Dr. 
Church of the U. S. Department of Agriculture, Bureau of Chemistry. 
Here we will confine ourselves to soy sauce itself and quote as fol- 
lows from the above mentioned bulletin: 

"Soy sauce is a dark-brown salty liquid made by the fermentation 
of soy beans with, as a rule, some additional starchy component. It 
is widely used as a seasoning throughout Japan, China and Java, 
and has been introduced into the Philippines and Hawaii. Where 
the occidental would use a vegetable or meat extract and salt, the 
oriental daily uses soy sauce. Americans are familiar with soy 
sauce as it is used in Chinese-American ("Chop Suey”) restaurants 
and as the ingredient which produces the characteristic flavor of the 
Worcestershire type of sauce. The increasing popularity of highly 
seasoned foods in the United States may reasonably be expected to 
develop the use of soy sauce and of table sauces having a flavor more 
positively that of the ingredient, soy sauce. 

"The soy bean, an annual leguminous plant, native to south- 
eastern Asia, has been cultivated in the East for more than 5,000' 
years. Rich in protein and oil, though deficient in starch, it has 
been used as a food and for technical purposes. . . . 

"The process of manufacture which produces soy-bean sauce, 
or, as it is called in Japan, sho-yu, begins with the preparation of 
the ingredients and includes a preliminary mold fermentation, fol- 
lowed by a ripening in brine. ... 

' The mold-fermented material is emptied into the strong brine, 
thus producing a mash. Constant daily attention is given to aera- 
tion, even distribution and stirring of the solid ingredients. Pro- 
gressive changes take place over a period of from six months to 
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several years, until at last mature ^moromi/ as the mash is desig- 
nated by the Japanese, is produced. 

“The rather thick, dark-brown mash resulting is siphoned or 
pressed to produce the soy sauce, which is brought to a boil, filtered, 
and in the more modern of the Japanese factories processed or par- 
tially pasteurized. The completed sauce is distributed in casks or 
bottles.’’ 

The Japanese product is generally considered superior, being more 
commercially standardized and scientifically made, but at the best 
soy sauce varies much in composition, according to the locality and 
process of manufacture. 

The analyses of soy sauce given in Table 51 are by Dr. Loomis 
of the U. S. Department of Agriculture, Bureau of Chemistry, and 
are in terms of grams per 100 cubic centimeters. It will be noticed 
that more than half of the solids is salt. 

Table 51. Analyses of Soy* Sauce. 

Grams per 100 Cubic Centimeters 


Salt- Acidity Alcohol 




Specific 

Total 

Keducing 

Total 


Free 

Total 

(as lactic 

(by 



Gravity 

Solids 

Sugars 

Ash 

Salt 

Ash 

Nitrogen 

acid) volume) 

Japanese 

soy. 

, 1.184 

33.86 

1.68 

20.00 

18.53 

1.47 

1.30 

0.76 

1.02 

It 

u 

. 1.176 

32.52 

2.70 

17.94 

16.28 

1.66 

1.25 

0.68 

0.75 

u 

a 

. 1.196 

37.69 


20.10 



1.37 



Chinese 

soy. . 

. 1.259 

47.04 

10.57 

26.84 

25.74 

1.10 

0.77 

0.67 

none 


* Soy beans average: Moisture 9.9 percent, Ash 5.3 percent, “Protein” (N x 6.25) 
36.5 percent, Fiber 4.3 percent, Fatty oil 17.5 percent, Carbohydrates, etc., 26.5 
percent. 


Further tests showed the nitrogen to be in the form of ammonia 
and amino compounds mainly, as would be expected from a raw 
material rich in protein which had undergone a lengthy fermenta- 
tion process. In several respects soy sauce may be considered as 
a sort of vegetable “beef extract”; and would, to a certain extent, 
have a similar stimulating effect when used as a seasoning on various 
foods. 

The proportion of soy sauce used in Worcestershire sauce varies, 
with the ideas and generosity of various condiment manufacturers. 
Only a very few limited analyses have been made. The Connecticut 
State Experiment Station, in 1911, reported on six brands (four Eng- 
lish and two American) showing the acidity (as acetic acid) to range 
from 1.38 percent to 3.72 percent, with polariscopic data indicating 
more or less sugar (especially reducing sugars) to be present. The 
writer has analyzed the leading English brand and one of the best 
American brands, with the results shown in Table 52. 
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Table 52. Worcestershire Sauces. 

Pei’cent 



Engluh 

American 

Acidity (as acetic acid) 

3.10 

3.46 

Total solids 

27.17 

26.59 

Total ash 

5.98 

5.63 

Salt 

3.62 

3.94 

Salt — free ash 

2.36 

1.69 


No legal standard for Worcestershire sauce has been fixed as 
yet. 



Chapter V. 

The Legal Chemistry of Edible Oils.* 

General Composition and Analytical Constants 

Under the heading “Edible Vegetable Oils and ’Eats” the Federal 
food standards (Circular 136, Office of Secretary, U. S. Department 
of Agriculture) define such products as “glycerids of^ the fatty acids 
as are recognized to be wholesome foods, and are dry and sweet 
in flavor and odor.” By “glycerids” is meant the glycerol esters of 
various fatty acids, such as stearic acid, palmitic acid, oleic acid, 
linoleic acid, arachidic acid, myristic acid, lauric acid, lignoceric acid 
and others. These glycerol esters of fatty acids are sometimes called 
“stearin,” “palmitin,” “olein,” etc., according to which fatty acid is 
present, and, as there are three similar replaceable groups of atoms 
in glycerol to be replaced by fatty acid atom groups, we can have 
monostearin, distearin and tristearin, etc. ; also mixed esters where two 
or even three different fatty acid atom groups are present as, for 
instance, monostearin-dipalmitin. Ordinary “stearin” is the tristearin, 
“palmitin” is the tripalmitin, “olein” the triolein, etc. A more cor- 
rect name for these esters formed by the chemical combination of 
glycerol and fatty acids, would be along the lines of the simpler 
esters, thus “stearin” (tristearin) is glycerol tristearate, analogous to 
ethyl stearate, etc., etc. 

Stearin and palmitin are solid fats and olein is a liquid fat. The 
consistency of any fat or fatty oil depends upon the preponderance 
of solid or liquid glycerol esters. Each edible oil is composed of a 
mixture of the glycerol esters of several different fatty acids; there is 
present also usually a little free fatty acid, resulting from the action 
of fat-splitting ferments, or enzymes, (olease for instance) present 
in the fruit or seed from which the oil has been pressed. The more 
clean and sound the source of the oil, and the more clean and rapid 
the process of pressing and cooling, the less free fatty acid there 
will be in the edible oil. This is a very important item (in analysis 

* Originally publisliecl in The Spice Mill, July, 1923, et scq. 
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or commercial selling) as the development of rancidity is largely 
due to oxidation of free fatty acids, under the influence of air, heat 
and sunlight, and it follows to some extent that the less free fatty 
acid there is present in the oil, the less rancid it will become ulti- 
mately, Some recent investigations indicate that the glycerol esters 
themselves can oxidize, under certain conditions, to form rancid 
tasting products; however, the trade are well justified in their habit 
of judging the quality of an edible oil considerably, from the pro- 
portion of free fatty acids present. 

Upon the saponification of fats with alkalies, glycerol is reformed 
and the alkali metal unites with the fatty acid atom group to form a 
metallic salt known as ^^soap.” Potassium (the metal in caustic pot- 
ash) forms a “soft soap” usually, while the various “hard soaps” 
contain the metal sodium from caustic soda. 

Edible fats and oils always contain a small proportion of mat- 
ter which is not capable of being saponified and is reported in any 
analysis as “unsaponifiable matter,” In animal fats this unsaponi- 
fiable matter is mainly cholesterol, and in vegetable fats and fatty oils 
it is variously called phytosterol or sitosterol and probably plays some 
important part in stabilizing the emulsion form in which practically 
all fats exist while in the plant or animal. By a study of the crystal 
form of the “unsaponifiable matter” obtained from a suspected fat or 
oil, it can be shown a vegetable oil is adulterated with an animal fat, 
or vice versa, as cholesterol especially forms a very characteristic crys- 
tal, recognizable under the microscope. 

In comparatively few cases is the exact composition (i.e., the 
exact identity and proportion of the various glycerol esters present) 
of edible fatty oils known; and to separate, identify and estimate 
these esters, or their corresponding fatty acids, in any sample would 
be a monumental task. Hence, in an analysis of a fatty oil, certain 
constants’ are determined to see if they are normal for the supposed 
oil in question, or suggestive of some adulterating oil instead; cer- 
tain oils are tested for direct by color reactions with various reagents, 
others by separating some free fatty acid characteristic of the oil 
(i.e., arachidic acid as proof of arachis or peanut oil) and by a study 
of the “unsaponifiable matter,” as mentioned above. Mineral oils 
would appear as “unsaponifiable matter” also, in analysis, and would 
greatly increase the usually very low figure (less than 1%) for that 
item. 

The constants may be determined on the fatty oil as a whole, or 
on the liberated free fatty acids, obtained by saponifying the oil 
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with an alcoholic solution of caustic soda or potash and liberating 
the free fatty acids from the “soap’^ formed, by action of a strong 
mineral acid. The chief constants in use are the ^^specific gravity,” 
or the weight of the oil as compared with an equal volume of dis- 
tilled water; the “melting point,” or the exact temperature of the 
melting of a solid fat or fatty acid; the “solidifying point” of a liquid 
fat or fatty acid; the “iodine absorption,” or percent of iodine ab- 
sorbed under certain conditions; the “acid number,” or the number 
of milligrams of potassium hydrate required to neutralize the free 
fatty acid in one gram of the oil and from which the percent of free 
fatty acid can be calculated; the “saponification number” (see below), 
and, in addition, there are several others occasionally made use of 
in examining fatty oils and fats, viz.: “index of refraction,” or the 
measurement of the degree of deflection caused in a ray of light in 
passing from one transparent medium into another; “butyro-refrac- 
tometer reading,” or the expression of the same on the arbitrary 
scale of a refractometer especially designed for butter; “Maumene 
number,” or the rise in temperature upon mixing a definite quantity 
of the oil with a certain quantity of strong sulfuric acid; and the 
“specific temperature reaction,” or the above rise in temperature com- 
pared with the rise in temperature in an equal volume of water under 
the same conditions. 

Table 53 gives the values for various constants as determined 
and compiled by Tolman and Munson of the Bureau of Chemistry, 
U. S. Department of Agriculture. The results obtained in the Bureau 
of Chemistry laboratories are for normal edible oils, hence the range 
of variation is usually less than in the compiled results, where many 
oils unfit for food purposes, or at least quite abnormal, are reported. 
In the determination of the specific gravity, for instance, the amount 
of free acid present is a very important consideration and one which 
would doubtless explain some of the abnormal results in the compiled 
data. 

The constants of the free fatty acids resulting upon saponifying 
a fat or fatty oil with alkali and decomposing the “soap” formed 
usually refer to the solid and liquid acids combined, although some 
of them can be determined for a specific group of acids or even a 
single acid if necessary. The “iodine absorption” of the fatty acids 
and their melting point are the constants most frequently deter- 
mined. The solidifying point of the melted acids, which is also occa- 
sionally noted, is usually somewhat lower than the melting point. 
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The iodine absorption data in the table were taken in part from 
Leffman and Beam’s “Food Analysis.” 

The “saponification number,” sometimes called the “Koettstorfer 
number,” is the number of milligrams of potassium hydrate needed 
to saponify 1 gram of the oil or fat. In the table the compiled 
data for the last six oils and fats were taken from Lewkowitsch, 
“Chemical Analysis of Oils, Fats and Waxes.” 

The butyro-refractometer reading and the index of refraction are 
practically two expressions for the same phenomenon and the latter 
may be readily calculated from the former. In the table the data 
for the last three oils and fats were taken from Lewkowitsch. 

The rise in temperature with sulfuric acid, and this value com- 
pared with water under the same conditions, usually known as the 
“Maumene number” and the “specific temperature reaction” re- 
spectively, are also closely related constants. The results shown in 
the table, with a few exceptions, are from Tolman and Munson’s re- 
port on olive oil substitutes, previously referred to. 


Olive Oil 

This oil, so highly prized for salad and other food purposes, is 
obtained, by pressure or extraction, from the ripe fruit of the olive 
tree (Olea europcea sativa), of which three hundred varieties are to 
be found in Italy alone. For many years Italy led in the com- 
mercial production and exportation of olive oil, but now Spain is 
assuming the lead, due to a bigger supply of trees and oils to select 
from and to the introduction of modern clean factories and appara- 
tus. France produced only a very small proportion of the olive oil 
she exported, most of it coming originally from Spain, Italy or 
Algeria. 

The Spanish oils shipped to America are particularly high grade, 
usually running very low in the proportion of free fatty acids and 
being generally more free from incipient rancidity than Italian oils. 
The Spanish oils are usually of a golden yellow color, very bland and 
mild flavored. From a golden yellow the color of olive oil ranges to 
a light yellow with greenish tinge and in some cases to even a dark 
green color, due normally to dissolved chlorophyll the coloring matter 
of leaves and green fruits. 

The quality of an olive oil depends upon various conditions of 
manufacture and storage. Oils intended for salad or general food 
purposes are always expressed cold. As pointed out earlier, the 
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proportion of the free fatty acid (mainly oleic acid) ' depends upon 
how much opportunity there has been for the action of a fat-splitting 
enzyme or ferment, in the bruised fruit, to act upon the oil before 
or during pressing, or afterwards if the oil has not been properly 
clarified. The more sound and fresh the fruit and the more rapid 
the pressing and cooling and clarifying operations, the less free acid 
there will be found. Many of the better oils now being shipped, 
especially from Spain, are appearing on the market with consider- 
ably less than one-half of one percent of free fatty acids. Above 
three percent free fatty acid renders an oil inedible, and much less 
than that proportion, when oxidized by exposure to air, heat or sun- 
light, will cause a degree of rancidity which becomes objectionable 
to many people. The average content of free fatty acid (as oleic 
acid) in about one hundred olive oils, tested by the author in recent 
years, is 1.1 percent, ranging from 0.34 percent to 2.3 percent. 

The Federal food standards (Circular 136, OfBce of Secretary, U. S. 
Dept, of Agriculture) merely defines olive oil as “the edible oil ob- 
tained from the sound, mature fruit of the olive tree,” and fixes no 
limits on the proportion of free fatty acid, or other analytical items. 
The latter, however, will be normal if. the oil is pure, and any abnor- 
mality, unless satisfactorily explained, is considered proof of 
adulteration. 

A recent Service and Regulatory Announcement (Chemistry, No. 
28) says: “The use of wholesome vegetable oils other than olive 
oil for salad purposes has become widespread. The term ‘salad oil’ 
is no longer indicative of olive oil exclusively. In the absence of 
any statement, design or device on the labels conveying directly or 
by implication any false or misleading impression concerning the 
origin or characteristics of the product, no objection will be made 
to the designation of edible vegetable oils other than olive oil as 
‘salad oil,’ with or without qualification.” Quite a few prosecutions 
have been carried through the courts because cans or bottles of other 
vegetable oils were labeled with designs showing olive trees, etc., or 
scenes from countries producing olive oil only. 

Food Inspection Decision, No. 139, issued in 1912, says: “A 
careful consideration of the subject leads to the conclusion tha^ the 
only oil to which the term ‘sweet oil’ may be correctly applied is 
olive oil.” It is held, therefore, that any oil other than olive oil 
is misbranded when sold under the name “sweet oil.” It is not correct, 
for example, to label cottonseed oil as “sweet oil” and then elsewhere 
on the label to describe correctly the true character of the oil. 
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Small proportions of olive oil are frequently mixed with cotton- 
seed and other oils and then sold as a “compound.” A Service and 
Regulatory Announcement (Chemistry 24) says: “Any ingredient 
mentioned on the label of a compound should be present in sufficient 
quantity to definitely impart its characteristics to the product. Cot- 
tonseed (or other edible) oils to which only a sufficient proportion 
of olive oil has been added to impart an olive-oil flavor may prop- 
erly be labeled as ^cottonseed oil flavored with olive oil/ or some 
similar term. Such a product, however, should not be labeled as a 
compound of cottonseed and olive oils.” 

The old Federal standard for olive oil fixed limits for the refrac- 
tive index and called for an iodine absorption between 79 percent 
and 90 percent. 

Pure olive oil contains about 28 percent of the solid glycerol 
esters, consisting of palmitin and traces of arachidin or the glycerol 
ester of arachidic acid. The remainder is mainly a mixture of the 
glycerol esters of oleic and linoleic acids in the proportion of 93 parts 
of the former to 7 parts of the latter. About 1 percent of “unsaponi- 
fiable matter” is usually to be found, consisting mainly of phytos- 
terol. Free fatty acid, as said above, is always present, being de- 
pendent upon various factors. Munson and Tolman, in the examina- 
tion of 185 samples of commercial oils and olive oils of known purity, 
found an average of 1.65 percent of free fatty acids (calculated as 
oleic acid), the maximum and minimum being 8.21 percent and 0.20 
percent, respectively. 

Qlive oil, on account of the comparatively high price which it 
commands, is extensively adulterated with and often entirely substi- 
tuted by foreign oils, either singly or mixed. The adulterants usually 
used in this country are cottonseed oil, maize or corn oil, soya bean 
oil and arachis or peanut oil. Oils from abroad may contain sesame 
oil, rape or colza oil, poppy-seed oil and, very rarely, fatty mustard 
oil, which has been used to adulterate rape oil. Lard oil also is some- 
times used to adulterate olive oil. The green color of certain olive 
oils (due to chlorophyl) is occasionally imitated by the addition of 
coloring matter, sometimes of a mineral character. Copper acetate 
has been reported as being used for this purpose, but it is more 
likely that some natural or artificial organic color is used. 

Changes in Olive Oil After Long Standing. Olive oil, although 
the best known and most desirable edible oil, is, unfortunately, one 
of the oils most subject to oxidation and other changes which develop 
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rancidity. The principal factor is oxygen; indeed it has 'been said 
that without oxygen there can be no rancidity. However, other fac- 
tors, such as light, heat, moisture and contact with metals, serve to 
accelerate the oxidation. The chemical reactions involved are rather 
complex and some of the products formed have a very disagreeable 
taste or odor, while others do not seem to be responsible for the 
effects known under the term ^Tancidity.^’ 

In earlier years it was supposed that the principal changes con- 
sisted of the slow liberation of free fatty acids from the glycerol 
esters constituting the oil, due to a fat-splitting ferment or enzyme 
(olease or lipase) naturally present or formed by bacteria allowed to 
get in during careless manufacture; and subsequently the oxidation 
of the free fatty acid to oxy acids having disagreeable taste, etc. Oleic 
acid is the principal fatty acid (combined with glycerol as an ester and 
called ^‘olein” or “triolein”) in olive oil and, being an “unsaturated” 
acid capable of uniting directly with iodine (hence the analytical item 
known as “iodine absorption” or “iodine number”) and other elements, 
it takes up oxygen readily. Oleic acid when fresh is white, tasteless 
and odorless, but quickly becomes yellow in color and acquires a rancid 
odor from oxidation. Thus the present commercial practice of requir- 
ing a very low content of free fatty acid in edible oil is well founded, as 
it stands to reason that the less free acid there is present to start with 
the less rancidity there will be when ageing has enabled oxidizing 
changes to take place. It must be remembered, however, that the pro- 
portion of free fatty acid can in time increase, due to the aforemen- 
tioned ferment or enzyme naturally present and especially that formed 
by bacteria present as the result of careless manufacturing methods. 

The percent of free fatty acid is not a measure of rancidity, as 
freshly liberated oleic acid is not rancid (as said above) and, if the oil 
is well protected from oxidation, an oil with a 1 percent free fatty acid 
content can remain “sweet” while a carelessly protected oil with only 
0.5 percent acidity may become quite objectionable. However, on gen- 
eral principles, the less free fatty acid there is present the better. More 
recently it has been determined that other compounds than the oxidized 
free fatty acid are formed by the combined effects of oxygen, light, 
moisture, etc., some of which are also disagreeable tasting and smelling 
substances. Various aldehydes, ketones and acids of less molecular 
weight than the fatty acids originally present, are formed and appear 
to be constant constituents of fats and fatty oils which have stood too 
long under unfavorable conditions and become rancid. Most of the 
various color-forming tests used for the detection of incipient or masked 
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rancidity (^^Kreis rancidity test,” for instance) depend on the presence 
of several or all of these various constituents resulting from oxidation 
changes, and it is to the effect of all of them, including the oxidized 
free fatty acid, that the characteristic odor and taste of rancid fats 
and oils are due. 

The development of rancidity in a carefully manufactured and 
properly stored olive or other edible oil is very slow, especially if the 
percent of free fatty acid be low to start with. In a grocery store where 
turnover of stock is frequent, a good olive oil, even though stored in 
glass and exposed to light on a shelf, will test normal and show no 
very objectionable rancidity. In sealed tin cans it will keep ^'sweet” 
for a relatively long time. However, there are stores in certain sections 
where olive oil is infrequently asked for and a small batch of bottles 
may stand exposed to light for a year or so, or one or two bottles may 
be shoved in back of a new shipment or otherwise get displaced so 
as to stand many years. There is always an air space in the neck of 
each bottle, one-fifth of which is oxygen; moreover, there is more or 
less dissolved air and oxygen in the oil and for the small amount of 
oxidation necessary to render an oil rancid and to make it analyze 
abnormally in time, this is sufficient. 

How abnormal an old olive oil sample can analyze will be illustrated 
below with data on a pure oil, originally normal in every way and of 
very excellent quality, with a very low content of free fatty acid to 
start with. An oil showing less change than this particular oil would be 
found to analyze so abnormal as to lead to the charge of adulteration 
unless the official chemist studied into the matter very thoroughly. 

The oil in question was one of the first commercial olive oils pro- 
duced in California, being carefully pressed from selected olives grown 
on the Windermere Ranch of Mr. Andrew McNally at La Mirada, 
Cal., and sold through their Eastern office in the Rand, McNally Build- 
ing in Chicago. The author was called upon to analyze this oil in the 
Fall of 1906 and found it to be a pure, very high grade olive oil, testing 
as given below. On account of it being the first California olive oil 
which the author had knowingly tested and because of the rather at- 
tractive bottle, it was allowed to stand year after year on an exhibition 
sample shelf to the present day (1927), being kept corked, but exposed 
to indirect light and room temperature meanwhile. It was analyzed 
a second time in 1916 and more recently in 1926 as follows: 

In 1916 an official analysis would have resulted in this oil being 
declared '^adulterated, ” in fact, probably at the end of five years the 
regular data would have been found to be suspiciously abnormal. The 
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1906 1916 1926 


Odor and taste 

Kreis rancidity test 

Specific gravity (15.5° C) 

Iodine absorption number 

Saponification number 

Acid number (from percent free acid) 
Ester number (Sap. No. — Acid No.) . 
Free fatty acids (as oleic) 


No rancidity Very rancid Extremely rancid 
Positive Very strong 


0.9132 

83.60 

190.80 

0.96 

189.84 

0.48% 


0.9254 

75.26 

199.60 

8.04 

191.56 

4.02% 


0.9383 

68.58 

213.20 

15.68 

197.52 

7.84% 


lowering of the iodine absorption value is due, no doubt, to the satis- 
faction by oxygen of the normal affinities for iodine of the ^'unsatu- 
rated” oleic and other fatty acids present. The acidity (and acid 
number) has increased about sixteen-fold and undoubtedly much more 
liberated free fatty acids have been changed to non-acid substances, 
possibly ketones and aldehydes. Just why the ester number (and 
incidentally the saponification number) has increased is not so plain, 
in view of the fact that there must have been a great loss of glycerol 
esters during the liberation of free fatty acids. 

The data suggest that a hasty condemnation of an old olive oil as 
^^adulterated” is possible and that the history of an abnormally testing 
oil should be ascertained before prosecution is started. 


Cottonseed Oil 

Cottonseed oil is obtained by pressure from the seeds of different 
species of Gossypium, the most common species being G. herhaceurrij 
L. The oil intended for food purposes is expressed cold and in the 
crude state has a color ranging from red to a reddish black. It is 
refined by alkali treatment and when intended for use as salad oil, 
is allowed to stand in chilled tanks until the ^^stearine” or solid fatty 
matter has separated out. The refined oil has a yellow color and 
pleasant nutty flavor. It is used extensively as an olive oil substi- 
tute and adulterant, and in the preparation of oleomargarine, “com- 
pound lard” and lard substitutes. Practically all oil now sold as 
“salad oil” is composed of cottonseed oil and it is by far the com- 
monest adulterant found in lard. The various “cooking oils” are 
composed of cottonseed oil principally. Its cheapness renders it little 
subject to adulteration. 

Cottonseed oil is composed principally of the glycerol esters of 
stearic and palmitic acids and oleic and linoleic acids, the esters of 
the latter acids having a ratio to each other of 3 and 4.5 respectively. 
It also contains about 3.5 percent of oxy-acids. The alkali treatment 
referred to above removes practically all free fatty acids. Tolman 
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and Munson found 2*17 percent of free fatty acids in a freshly ex- 
pressed, unpurified oil. 

A very delicate test for the presence of cottonseed oil is the so- 
called “Halphen test.^’ The fat of animals fed on cottonseed prod- 
ucts will sometimes give a very faint reaction even. Heating the oil 
to 250° C. for a short time weakens the Halphen reaction and longer 
heating may entirely destroy it. Fortunately, however, the color tests 
due to the action of nitric acid or that of nitric acid and albumen 
(^^Brulle test”) are not affected nor are the constants to any great 
extent. The liberated fatty acids of cottonseed oil also respond to 
the above tests. 

Cottonseed “stearine” occurs as a by-product in the refining of 
salad oils, being deposited in the tanks upon standing or obtained 
more quickly by cooling the oil and pressing after the alkali treat- 
ment. It contains but little pure stearin, being composed principally 
of palmitin. It is used in the manufacture of butter and lard substi- 
tutes and responds to the various color tests mentioned above. 

Maize or Corn Oil 

This oil has come into prominence during the last ten years and, 
like cottonseed oil, was originally only a by-product. It is present 
only in the germ portion of corn, the germ being more than half oil; 
but in the entire kernel it figures out but from 3 to 6 percent. Were it 
not for the fact that, in the manufacture of cornstarch and “grits,” 
etc., the germ is more or less completely separated out, it would not pay 
to extract the oil. 

There are two processes (“wet” and “dry”) for removing the germs, 
the better oil resulting when the dry process is used. Corn oil is there- 
fore obtained by pressure from the germs of the seed (kernels) of corn 
{zea mays). Sometimes the product remaining after the preparation 
of alcohol from corn is used, the oil in such a case containing much free 
acid. The color ranges from yellow to orange and the odor and taste 
are suggestive of corn. It is a so-called semi-drying oil, resembling 
cottonseed oil generally, although somewhat different in composition. 

The glycerol esters contained in corn oil, as indicated by the acids 
obtained from the saponified oil, are quite varied in character. Among 
the acids that have been thus obtained are formic, acetic, stearic, 
palmitic, arachidic, hypogseic, oleic,’ linoleic and, according to certain 
authorities, caproic, caprylic and capric acids. There is some question 
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whether stearin is always present or not. Hehner and Mitchell were 
unable to find it in a sample examined by them. 

The unsaponified matter is rather high, Vulte and Gibson * having 
found 1.4 percent of phytosterol and about 1.1 percent of lecithin. 
Tolman and Munson found the free fatty acids to range from 1.8 per- 
cent to 3.6 percent. 

Corn oil is used as an olive oil substitute and adulterant, and in 
the manufacture of compound lard and oleomargarine. 

Arachis or Peanut Oil 

This oil, also called earth-nut or ground-nut oil, is obtained by 
pressure from the tubers (peanuts) of the plant Arachis hypogaea, L. 
Both the first and second pressings are used for salad oils, the former 
being nearly colorless and the latter a pale greenish-yellow. The oil 
has a pleasant odor and nutty flavor and is much used in Europe, 
under its own name. It is used occasionally as an adulterant for olive 
oil in this country and more frequently so in Europe. It is itself 
adulterated with sesame, poppy-seed, rape and cottonseed oils. The 
so-called “peanut-butter’' consists simply of ground roasted peanuts. 

The solid glycerol esters present in peanut oil are those of arachidic 
and lignoceric acids (3 to 5 percent) and probably palmitic acid. The 
liquid esters present are those of oleic, linoleic and hypogseic acids. 
Tolman and Munson found the free fatty acids to range from 0.24 to 
13.51 percent, but Lewkowitsch’s maximum limit of 4 percent is prob- 
ably nearer being normal. The various constants of peanut oil are 
so little different from olive oil that considerable quantities of it could 
be mixed with olive oil without being detected by these figures. It is 
usual to determine the proportion of the mixture of arachidic and 
lignoceric acids (melting point 72° to 73° C.) present, when adultera- 
tion with peanut oil is suspected. 

Sesame or Gingili Oil 

This oil, also called Teel oil, is obtained from the seeds of Sesamum 
orientale and S. indicum by pressure. It has a yellow color, little or 
no odor and pleasant taste. Sesame oil is considered by many to be 
fully equal to olive oil as a salad oil and it is sometimes substituted for 
or used as an adulterant of that oil. It is itself adulterated with cotton- 
seed, peanut, poppy-seed and rape oils. 

* J . Am . Ohem . Boo ., 22, 453 (1900) ; 23, 1 (1901), 
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The principal glycerol esters to be found in sesame oil are those of 
palmitic, oleic and linoleic acids, there being considerable of the latter 
present judging from the “iodine absorption^^ value. Sesame oil is 
much used abroad as a compulsory addition to butter substitutes in 
order to facilitate the detection of these. A very small quantity gives 
a bright crimson color when shaken with an alcoholic solution of fur- 
fural and hydrochloric acid. This is known as the Villavecchia and 
Fabris test. The free fatty acids in sesame oil range from 0.5 to 6 
percent. 

Rape or Colza Oil 

There are several different oils sold under the terms rape or colza 
oil, the source and composition of which may be considered practically 
identical. They are obtained from different species of Brassica of 
the CrucijercB family and are sometimes used for adulterating olive oil, 
although their acrid taste, even when refined, renders such practice 
limited. Fatty mustard oil and radish oil from Raphanus sativus may 
also be classed with this group, their general characteristics differing 
but slightly from rape or colza oil. The refined rape oil is pale yelloyr 
in color with a characteristic odor. 

It is composed of the glycerol esters of stearic, oleic and erucic 
acids, one-half of the latter being in an isomeric form known as “rapic” 
acid. According to Ponzio * there is also present about 0.5 percent of 
glycerol ester of arachidic acid. The solid fat deposited by old oils 
consists of dierucin, a glycerol ester with two instead of -three erucic 
acid groups introduced into the molecule. The oil also contains about 
1 percent of phytosterol and the free fatty acids range from 0.5 to 
5 percent. It is occasionally adulterated with radish and fatty mustard 
oil. 

Sunflower Oil 

The seeds of the sunflower {Helianthus annuus) yield an oil by 
pressure, which is used in Russia and other sections of Europe for 
culinary purposes. It is also used to adulterate olive oil and, according 
to Jolles, has been used in the manufacture of oleomargarine. The 
taste is mild and it has a pleasant odor. 

Oleic and linoleic acids are the principal liquid fatty acids, the 
glycerol esters of which are found in sunflower oil. Tolman and Mun- 
son, in two samples, found 0.18 and 1.72 percent of free fatty acids. 
The various constants are so widely different from those of olive oil, 

♦ J. Prakt. Chem.j 1893, 487. 
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that a small addition of sunflower oil to olive oil would be sufficient to 
make the values of the latter abnormal. This is also true of poppy- 
seed oil. 

Poppy-seed Oil 

This is obtained by pressure from the seeds of Palaver somnijerum, 
and is quite largely used in Europe as a salad oil. It is also used to 
adulterate olive oil. The taste and odor are pleasant and the oil does 
not turn rancid upon long standing. The oil from the first pressings is 
nearly white in color. 

The solid glycerol esters present are those of stearic and palmitic 
acids. Esters of liquid fatty acids in the proportions of 65 parts 
linoleic acid, 30 parts oleic acid and 5 parts linolenic acid are also 
present. The free fatty acids range from 0.7 to 3 percent. 

Coconut Oil 

The product called coconut oil is a semisolid white fat at ordinary 
temperatures, expressed with the aid of heat from the kernel of the 
coconut, particularly Cocos nudfera and C. butymcea. When fresh 
it has a pleasant taste and odor, suggesting coconut, but it easily 
becomes rancid. A refined oil is used as a lard substitute under the 
name “Konut”; and by treatment with steam and other refining 
processes a white neutral product with good keeping qualities is 
obtained and used for food purposes under a variety of fanciful names, 
such as “vegetable butter,” “laureol” or “nucoline.” A so-called 
“coconut olein” and “coconut stearine” are obtained by submitting 
the oil to pressure. Coconut oil is largely used in the manufacture of 
nut oleomargarines and was used in considerable quantity in the 
manufacture of “filled” milks, such as “Hebe,” etc. Recent absurd 
legislation stopped the manufacture of this product. 

Coconut oil contains about 26 percent of olein ; a large proportion 
of the glycerol esters of myristic and lauric acids; and small quantities 
of stearin and the glycerol esters of “volatile” acids, caproic, caprylic 
and capric. Tolman and Munson found 0.11 percent of free acid in a 
sample examined at the Bureau of Chemistry. 

Palm Oil 

Palm oil is obtained from the fleshy part of the fruit of Elects 
guineensis by pressure. The color is usually a dark yellow and on this 
account the oil has been used in the manufacture of oleomargarine, 
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in order to obtain a color resembling butter, without resorting to the 
use of forbidden artificial colors. The oil has a sweet taste, with 
violet-like odor when first expressed. 

Palm oil contains a very large proportion of free fatty acid 
(palmitic principally) even when fresh and upon long standing it may 
split up completely into free acid. Tolman and Munson found 19.53 
percent of free acid in a commercial palm oil examined at the Bureau 
of Chemistry. In addition to free palmitic acid, palm oil contains 
palmitin, olein and about one percent of an ester of stearic acid. 

Cocoa-butter 

Cocoa-butter, or, as some prefer to call it, “cacao-butter,^’ is the 
fat obtained by pressure from the beans of Theobroma cacao. It is 
obtained as a commercial by-product of value, in the manufacture 
of cocoa from cocoa nibs and is used for a variety of purposes, as a 
food and as a cosmetic. When freed from coloring matter of the 
cacao-bean it appears as a yellowish-white fat, solid at ordinary 
temperatures, but quickly melting in the • mouth, or when merely 
rubbed between the fingers. The melting point ranges from 29 to 
34° C. It has a pleasant odor and taste somewhat resembling choco- 
late. Insoluble in 90 percent alcohol, but dissolves in 5 parts of boiling 
absolute alcohol. Similar to all fats, it is very soluble in ether, petro- 
leum ether and other hydrocarbons. 

Cocoa-butter is composed of the glycerol esters of stearic, palmitic 
and lauric acids principally, there being about 40 percent of the first 
named acid present. Smaller quantities of the esters of arachidic, 
linoleic, formic, acetic and butyric acid are to be found. 

Cocoa-butter is frequently adulterated and it has also been asserted 
that other fats are substituted for it in cacao products that should 
contain the natural proportion of fat, such as chocolate. Tallow, 
stearic acid, lard, paraffin, beeswax, coconut oil, arachis, sesame, and 
almond oils and a palm oil product called “copraol” are the principal 
adulterants. By the determination of certain constants and by 
several special tests, most of these adulterants are easily detected. 
Cocoa-butter is sometimes used to harden mixtures of cooking fats. 

Soy-bean Oil 

The oil expressed from the soy bean is now a regular article of 
commerce and is being imported in fairly large quantities from the 
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Orient. It has been reported as an adulterant of olive and other edible 
oils, but is an acceptable product, when refined, under its own name. 

The glycerol esters present are those of oleic, linoleic, palmitic, 
stearic, linolenic, and a small proportion of arachidic acid. The 
unsaponifiable matter in a sample made at the U. S. Bureau of 
Chemistry was 0.6 percent. 

The specific gravity of the oil at 25° C. is about 0.9203 and at the 
standard temperature of 15.5° C. about 0.9249. The index of refrac- 
tion ranges from 1.4734 to 1.4741, the iodine absorption ranges from 
128.0 to 134.0 and the saponification number ranges from 189.5 to 
195.0. The Reichert-Meissl number (0.16) is very low and in the 
sample made at the Bureau of Chemistry the percent of free fatty 
acids was low, but in commercial samples, considerable free fatty acid 
is present, unless the oil has been refined. 

Other recent additions to the already long list of edible oils are 
tomato-seed oil and grape-seed oil, both acceptable food oils. 



Chapter VI. 


The Legal Chemistry of Cacao Products.* 

The legal chemistry of the products of the cacao bean is of con- 
siderable interest and is based on the latest Federal standards, which 
are as follows: 

F. I. D. 191 Issued January 19, 1923. 

UNITED STATES DEPARTMENT OF AGRICULTURE, 

OFFICE OP THE SECRETARY. 

WASHINGTON, D. C. 


Food Inspection Decision 191. 


c. Cacao Products. 

The^ following definitions and standards for cacao products were adopted by 
the Joint Committee on Definitions and Standards, September 29, 1922, and 
were approved by the Association of American Dairy, Food and Drug Officials, 
October 5, 1922, and by the Association of Ofidcial Agricultural Chemists, Novem- 
ber 17, 1922: 

1. Cacao Beans, Cocoa Beans, are the seeds of trees belonging to the genus 
Theobroma, especially those of Theohroma cacao L., and closely related species. 

2. Cacao Nibs, Cocoa Nibs, ^^Cracked Cocoa,’’ are roasted or dried cacao beans, 
broken and freed from germ and from shell or husk. 

3. Chocolate, Plain Chocolate, Bitter Chocolate, Chocolate Liquor, Chocolate 
Paste, Bitter Chocolate Coating, t is the solid or plastic mass obtained by grind- 
ing cacao nibs and contains not less than fifty percent (50%) of cacao fat and, 
on the moisture- and fat-free basis, not more than eight percent (8%) of total 
ash, not more than four-tenths percent (0.4%) of ash insoluble in hydrochloric 
acid, and not more than seven percent (7%) of crude fiber. 

4. Sweet Chocolate, Sweet (5hocolate Coating, is chocolate mixed with sugar 
(sucrose), with or without the addition of cacao butter, spices, or other flavoring 
materials, and contains, on the moisture-, sugar-, and fat-free basis, no greater 
percentage of total ash, ash insoluble in hydrochloric acid, or crude fiber, re- 
spectively, than is found in moisture- and fat-free chocolate. 

5. Milk Chocolate, Sweet Milk Chocolate, is the product obtained by grinding 
chocolate with sugar, with the solids of whole milk, or the constituents of milk 
solids in proportions normal for whole milk, and with or without cacao butter 
and/or flavoring material. It contains not less than twelve percent (12%) of 
milk solids. 

6. Cocoa, Powdered Cocoa, is chocolate deprived of a portion of its fat and 
pulverized, and contains, on the moisture- and fat-free basis, no greater per- 
centage of total ash, ash insoluble in hydrochloric acid, or crude fiber, respectively, 
than is found in moisture- and fat-free chocolate. 

^Treakfast Cocoa” is cocoa which contains not less than twenty-two percent 
(22%) of cacao fat. 

* Originally published in The Spice Mill, May, 1923. 

t definition and standards for alkalized products will form a separate schedule, 
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8. Sweet Cocoa, Sweetened Cocoa, is cocoa mixed with sugar (sucrose), and 
contains not more than sixty-five percent (65%) of sugar in the finished product, 
and, on the moisture-, sugar-, and fat-free basis, no greater percentage of total 
ash, ash insoluble in hydrochloric acid, or crude fiber, respectively, than is found 
in moisture- and fat-free chocolate. 

9. Sweet Milk Cocoa is the product obtained by grinding cocoa with sugar, 
with the solids of whole milk, or the constituents of milk solids in proportions 
normal for whole milk, and with or without flavoring material. It contains not 
less than twelve percent (12%) of milk solids. 

The foregoing definitions and standards are adopted as a guide for the 
officials of this department in enforcing the Food and Drugs Act. 

Henry C. Wallace, 
Secretary of Agriculture. 

Washington, D. C., December 18, 1922. 

The concluding statement as to these standards being “adopted 
as a guide for the officials’^ of the U. S. Department of Agriculture in 
“enforcing the Food and Drugs Act” may also be understood to be 
true as concerns the various State food inspection departments, as the 
standards themselves are partly the work of the “Association of 
American Dairy, Food and Drug Ofiicials” and were approved by that 
association. 

The basic standard is the standard No. 3 for Plain Chocolate, 
(Bitter Chocolate, Chocolate Liquor, Chocolate Paste or Bitter Choco- 
late Coating),' as most of the other products are calculated back to the 
analytical limits fixed in that standard. This new standard for “Plain 
Chocolate” is a great improvement over the previous standard, mainly 
because most of the items are calculated to a moisture-free and fat- 
free basis, whereas in the old standard direct limits were fixed. Most 
of all, the old standard fixed a low minimum (45 percent) for cacao- 
fat and, in judging the purity of powdered cocoa, many analysts took 
45 percent as the basis of estimating the proportion of fat removed, 
instead of the considerably higher figure (52 percent) which represents 
the average fat content of plain chocolate. 

The new limit for fat in plain chocolate is 50 percent which repre- 
sents the reported minimum on samples of known purity. The old 
45 percent fat limit was an attempt on the part of food inspection 
officials to allow for a possible extreme case of a very low natural fat 
content in cocoa beans, but, like many other liberal minimum limits 
fixed in food standards, it was seized upon by certain trade interests 
as an invitation to tamper with natural products, to remove some 
important constituent to as great an extent as the minimum standard 
made legally safe. A classic example is the almost universal robbing 
of milk down to the minimum fat content fixed in various State and 
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city standards. A minimum standard is not intended to be a selling 
standard. It is simply a liberal provision against injustice that might 
be caused by an unusually low natural value for some food constituent. 
The selling standard should be the average value for the analytical 
item in question, whether it be the fat of milk or the fat of cocoa 
beans. 

There are many analyses of pure roasted ^^Cocoa Nibs’’ (“Cracked 
Cocoa”) in food inspection literature, but the writer has never seen 
one that justified the old 45 percent fat limit in plain chocolate. The 
lowest reliable minimum reported was a sample of “Ovello” which 
showed 48.1 percent fat and a “Selected Venezuelan” with 48.2 percent 
fat, but the average was 50,1 percent for 19 varieties of beans and 
in many analyses of reliable brands of plain chocolate (bitter choco- 
late or chocolate liquor) only once or twice has the fat content been 
very slightly below 50 percent, while the average was 52.1 percent 
with a maximum of 54 percent. 

As concerns the fiber content of roasted cocoa nibs, most of the 
published data are on samples which have been hand picked; hence 
it does not represent actual manufacturing conditions, where the pro- 
portion of unremoved shell is noticeably greater, ranging from better 
grades showing about 1 percent shell to other commercially pure 
grades showing 2 percent shell. The Federal food inspection experts 
now regard more than 2 percent shell in plain chocolate as excessive 
and are perfecting microscopical methods whereby any noticeable 
excess can be detected. 

Meanwhile the best method of judging any excess of shell has 
been the “crude fiber” value, when figured to a moisture-free and 
fat-free basis. The new Federal limit for crude fiber in plain choco- 
late and derived products is 7 percent, on said moisture-free and fat- 
free basis. There are some recent reliable data on cocoa nibs that 
suggest that 8 percent crude fiber should be tolerated, but tlie 7 per- 
cent limit mentioned above is usually fair enough. The maximum 
crude fiber value in the 19 varieties of cocoa nibs referred to above 
was 3.2 percent and this would be increased to 3.5 percent, by the fiber 
coming from 2 percent of shell. Then figured to a moisture-free and 
fat-free basis, as called for in the new standard, we would have but 
a trifle over 7 percent, as an extreme case. 

In the old cocoa standard, the question of the proportion of fat 
removed was a big and uncertain factor. In the new cocoa standard, 
it is easily taken care of by referring to a moisture-free and fat-free 
basis and calling for the same limits as in plain chocolate when re- 
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ferred to a moisture-free and fat-free basis. In sweet chocolate and 
sweet cocoa the same limits are referred to, by specifying a moisture- 
free, fat-free and sugar-free basis of calculation. In milk chocolate 
(sweet milk chocolate) provision is made for added “cocoa-butter” 
and flavoring material and at least 12 percent of whole milk solids 
called for, which may be added as dried whole milk or dried skim 
milk plus milk-fat in the normal proportion necessary. Added “cocoa- 
butter” is also allowed in sweet chocolate (sweet chocolate coating). 

A “breakfast cocoa” containing at least 22 percent of cocoa-fat 
(“cocoa-butter”) is provided for in the new standards, a limit of 
65 per cent sugar in sweetened cocoa is fixed, and a “sweet milk cocoa” 
provided for, calling for 12 percent milk solids, which may be added 
as in the case of milk chocolate. 

The limits for “total ash” and “acid-insoluble ash” fixed in the 
standard for plain chocolate, and referred back to in the various 
derived products, are for the purpose of controlling the cleanliness of 
the raw materials. Any sand or clay will increase the acid-insoluble 
ash and mineral dirt of any kind will increase the total ash. The old 
standard fixed a limit for starch, but as no added starchy matter is 
permitted in pure cocoa products, there is no need of fixing a limit on 
the cocoa starch naturally present. 

The following data on many various pure cocoa products will give 
an idea of their natural range of composition. See Table 54. 

In regard to cocoas which have been treated with alkalies (usually 
potassium carbonate), the Federal inspection chemists have studied 
the question somewhat extensively (see Bulletin 666 of the U. S. 
Department of Agriculture) but no standard was decided upon therein. 
Service and Regulatory Announcement No. 28 of the U. S. Bureau 
of Chemistry says: “Cocoa treated with an alkali or an alkaline salt, 
as in the so-called ‘Dutch Process’ should be labeled with a statement 
of the presence of added mineral ingredients. Cocoa is not soluble, 
and when so treated shows essentially the same lack of solubility. 
It is, therefore, improper to describe alkali-treated cocoa as ‘soluble.’ 
The word ‘instant,’ which may be construed to imply solubility, is 
subject to the same objection.” 

Very recently the Federal definition and standard for alkali-treated 
cacao products has been fixed as follows: “Dutch-Process Chocolate,” 
“Alkalized Chocolate” and Dutch Process Cocoa, “Alkalized Cocoa,” 
are modifications, respectively, of chocolate and cocoa, in that, in their 
manufacture, an alkali carbonate, or other suitable alkaline substance, 
has been employed. In the preparation of these products, not more 
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than three parts by weight of potassium carbonate, or the neutralizing 
equivalent thereof in other alkaline substance, are added to each 100 
parts by weight of cacao nibs. The finished products conform to the 
standards for chocolate and cocoa, respectively, due allowance being 
made for the kind and amount of alkaline substance added.'’ 

The concluding statement in the investigation mentioned above 
(Bulletin 666, U. S. Dept. Agriculture) was ^That the claim that the 
alkali treatment increases the amount of cocoa soluble in water is 
absolutely without foundation," 

The effects that were observed were an increase in the color of the 
water infusion of the cocoa, an increase in the total ash and the 
water-soluble ash and (on the average) more than a doubling of the 
alkalinity of the water-soluble ash, ranging (on a moisture-free and 
fat-free basis) from 2.25 cc. to 11.15 cc. (average 5.46 cc.) of tenth- 
normal acid per one gram of sample, whereas untreated cocoa ranged 
from 1.8 cc. to 3.05 cc., averaging 2.30 cc. 

When ammonium carbonate alone was used for treating the cocoa, 
there was no decided increase in total ash, water-soluble ash or alka- 
linity of ash, but there was a distinct increase in the nitrogen content 
of the cocoa, due to ammonia remaining in the cocoa. 

The alkali treatment, however, does produce a cocoa which forms 
a more perfect suspension in the cup, due largely to the fact that 
during the treatment some of the cocoa starch is gelatinized. Possibly 
traces of soap are formed by action of alkali on fat and this would 
assist in forming an emulsion and better suspension of cocoa con- 
stituents. 



Chapter VIL 

The Legal Chemistry of Spices.* 

Under the general heading, “Condiments (Except Vinegar and 
Salt),'^ spices are defined in the Federal standards of purity for food 
products as “aromatic vegetable substances used for the seasoning 
of food and from which no portion of any volatile.oil or other flavoring 
principle has been removed, and which are clean, sound and true to 
name.” 

At first thought it would seem as though the above general speci- 
fication as to what constitutes a legally pure spice was a sufficiently 
exact standard in itself. Owing, however, to a number of confusing 
differences in trade ideas and practices regarding certain similarly- 
named, but botanically and condimentally different spices, it has been 
considered desirable by the food standard commission to specifically 
define each and every commonly known spice, stating particularly the 
botanical species or genus derived from, and the portion (including the 
condition, i.e., dried, immature, etc.) of the same to be used. 

On account also of the widely varying degrees of knowledge, ideas, 
and honestly or unscrupulously held opinions among chemists (even 
food chemists sometimes) as to what is normal and what is abnormal 
when interpreting a spice analysis, it has been considered desirable 
by the food standard commission to fix, as far as practicable, certain 
analytical limits, for example, the maximum proportion of ash, or 
mineral matter, natural and not too far removed from the normal, 
for the spice in question.f 

The data available for this purpose were not always as extensive 
or reliable as was desirable, and in a few cases the limits fixed or called 
for in the Federal standards must be considered as practically tenta- 
tive and subject to revision when the reason for the same is properly 
and suflSciently demonstrated, privately or in court. 

Generally speaking, however, the analytical limits fixed for spices 

* Published originally in The Spice Mill. 

t The standards fixed are such that a departure of the articles to which they apply, 
above the maximum or below the minimum limit prescribed, is considered evidence that 
such articles are of inferior or abnormal quality, or, legally speaking, adulterated. 
(Circular 19, page 4.) 
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in the Federal standards are very fair and liberal almost to an excess. 
This liberality results from the necessity of passing as legally pure 
even the very lowest quality of a naturally normal, pure spice. As 
expressed to the author by a prominent spice grinder recently, this 
liberality will enable, in the cases of those who find competition very 
sharp or the pressure of the law unfair or too severe, considerable 
hygienically harmless sophistication without any provable transgres- 
sion of the legal analytical limits. It is to be hoped, of course, that 
this method of evasion will not be considered necessary or resorted 
to in actual trade practice. 

Allspice or Pimento 

The first of the spices classified, defined, etc., in the Federal 
standards is allspice or pimento, and is, at present writing, standard- 
ized as follows: “Allspice, pimento, is the dried, nearly ripe fruit of 
Pimenta officinalis (L.) Karst, and contains not less than eight (8) 
percent of quercitannic acid (calculated from the total oxygen ab- 
sorbed by the aqueous extract) ; not more than six (6) percent of total 
ash, not more than four-tenths (0.4) percent of ash insoluble in 
hydrochloric acid; and not more than twenty-five (25) percent of crude 
fiber.” * 

Regarding the appearance, geographical sources, quality, varia- 
tions, etc., of allspice, the readers of this section are assumed to be 
informed. A cross-section of an allspice or pimento berry shows an 
exterior pericarp or woody skin inclosing a two-celled cavity with a 
single brown seed in each, covered with a thin outer coating inclosing 
a spiral-like embryo. The berries are gathered before fully ripe, as 
some of the aroma is lost if they are allowed to mature completely. 

In chemical composition allspice most closely resembles cloves, 
particularly the so-called “mother cloves,” or clove fruit. It contains 
from 3 to 4.5 percent of a volatile oil, very similar in chemical con- 
stitution to clove oil; and, similarly to cloves, a fairly large and con- 
stant proportion of tannin (quercitannic acid). Unlike cloves, but 
like “mother cloves,” allspice contains starch, the latter appearing 
under the microscope as small, nearly circular granules, usually show- 
ing a central spot or hilum and often arranged in groups like buck- 
wheat starch granules. 

Estimated as true starch by the diastase method, Winton et al. 
report only from 1.8 to 3.8 percent, but judging from the copper 

♦ The National Formulary or drug law standard calls for not over 5 percent of 
stems or other foreign matter, crude fiber not over 25 percent, total ash not over 
6 percent. 
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reducing value resulting upon heating with acid, calculated as starch 
(which ranges from 16.5 to 20.6 percent) it is evident th^at consider- 
able gum or pentosan-like material closely related chemically to starch 
exists in allspice. A proximate analysis (Table 55), showing the 
variations in composition as reported in twenty-five analyses of pure 
allspice, has been compiled by the writer. 

Table 55. Allspice Analyses. 

Percent 

Minimum Maximum 


Moisture ’ 5.51 10.14 

Ash (mineral residue) 4.01 7,51 

Ash insoluble in acid 0.00 0.95 

Volatile ether extract (oil) 1.29 5,21 

Non-volatile ether extract 1.60 7.72 

Starch (by diastase method) 1.82 3.76 

Copper reducing value as starch 16.56 20.65 

Crude fiber 13.45 23.98 

Protein (Nitrogen x 6.25) 4.03 6.37 

Quercitannic acid 4.32 12.48 


It will be immediately noticed by the reader that among the above 
figures there are several which transgress the limits fixed in the Federal 
standards, particularly the minimum value for quercitannic acid 
(reported by Richardson, former chief of the Bureau — ^then Division — 
of Chemistry at Washington) and the maximum figures for total and 
acid-insoluble ash. This acid-insoluble ash, by the way, is generally 
considered and often reported as ^^sand,’^ and any undue proportion 
of sandy, gritty matter mixed with the pimento berries is indicated 
by this analytical item. 

The guiding principle whereby the food standard commission feels 
justified in fixing limits which rule out such data is given in the preface 
to the original standards (Circular 19, U. S. Dept, of Agriculture) as 
follows: “The limits fixed as standard are not necessarily the extreme 
authentically recorded for the article in question, because such ex- 
tremes are commonly due to abnormal conditions of production and 
are usually accompanied by marks of inferiority or abnormality 
readily perceived by the producer or manufacturer.^^ Yet it is also 
stated as a guiding principle that the ''standards are based on data 
representing materials produced under American conditions and manu- 
factured by American processes or representing such varieties of 
foreign articles as are chiefly imported for American use.^' 

If, therefore, it appears to the conscientious spice grinder or broker 
that one or more Federal standards are unfair, viewed from the stand- 
point of the above "principle,'' it would seem that it was up to him 
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to demonstrate with sufficient, carefully determined, bonafide data 
the point in question, to the food standard commission, who in turn is 
thus forced to investigate the subject further and correct the unfair- 
ness, if such. 

The crude fiber limit in the Federal standard for allspice appears 
liberal enough to cover any true case, and probably only an excep- 
tional sample would show much below 8 percent in quercitannic acid. 
Many more data, however, on the last point are needed, together with 
data on the total ash content. 

It must not be supposed that any mixture of allspice and one or 
more adulterants which does not in any way overstep the Federal 
analytical limits for allspice will be passed as legally pure. The defi- 
nition part of the standard, in fact the name itself, constitutes or im- 
plies a certain natural, normal make-up, and in the hands of a trained 
food microscopist the adulteration will be detected and the sample 
condemned, in spite of compliance with the analytical limits. The 
microscope, in fact, is an absolutely indispensable auxiliary in spice 
analysis; often the microscopical examination is the only mode of 
analysis necessary and capable of showing the exact nature of the 
adulterant, as required in a court case. 

Anise, Caraway, Cardamon and Cayenne (IIm> Pepper) 

Included in the Federal standards of purity for food products 
(Circular No. 136, U. S. Dept, of Agriculture) are a number of some- 
what uncommon condimental substances classed as spices, only a few 
of which can be purchased in the usual grocery store, and nearly all 
of which are sold in an unground condition. In taking up the various 
legally defined spices in alphabetical order the next few coming to our 
attention belong to the above variety, i.e. : Anise,* “the fruit of Pirn- 
pinella anisum, L”; Bay leaf, “the dried leaf of Laurus nobilis, LI^; 
Capers, “the flower buds of Capparis spinosa, LJ^; Caraway, “the 
dried fruit of Carum carvi, L/^ containing not over 3 percent of 
harmless foreign matter, not over 8 percent of total ash nor more 
than 1.5 percent of ash insoluble in hydrochloric acid; and Cardamon, 
containing not over 8 percent total ash, nor more than 3 percent of 
ash insoluble in hydrochloric acid.t 

* Now standardized as containing not over 3 percent of foreign matter, nor more 
than 9 percent (9%) of total ash, nor more than 1.5 percent of ash insoluble in 
hydrochloric acid. Total ether extract has been reported as from 21.6 to 26.2 percent. 

tA Federal Service and Regulatory Announcement (Item 71) specifies that 
cardamon must show at least 64 percent sound seed (i.e., pods, etc., not over 86 
percent) . 
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The next important spice defined and standardized in the Federal 
spice standards is cayenne. Taken up in conjunction with the same is 
paprika; and prefacing both is the definition that “Red pepper is the 
red, dried, ripe fruit of any species of Capsicum,” containing not over 
8 percent total ash, nor more than 1 percent of acid-insoluble ash. 

As officially defined in the Federal spice standards, “Cayenne 
pepper, cayenne, is the dried, ripe fruit of Capsicum frutescens, L., 
Capsicum baccatum, L., or some other small-fruited species of Cap- 
sicum, and contains not less than fifteen (15) percent of non-volatile 
ether extract; not more than eight (8) percent of total ash; not more 
than one and one-quarter (1.25) percent of ash insoluble in hydro- 
chloric acid; not more than one and five-tenths (1.5) percent of starch, 
and not more than twenty-eight (28) percent of crude fiber.” The 
U. S. P. standard limits stems, etc., to 2 percent and total ash to 7 
percent. 

Paprika is the dried, ripe fruit of Capsicum annuum, L. (see 
page 184). 

The fruit of the capsicum plant is of an elongated, conical form, 
the surface of which when fresh is smooth and very red. Upon drying, 
it becomes shriveled and loses some of its brilliant coloring. The peri- 
carp, or shell, is thin and tough and the fruit pod is divided into sev- 
eral cells inclosing many yellow, kidney-shaped seeds. Cayenne con- 
tains considerable fixed or fatty oil which, together with certain non- 
volatile resins, constitutes the analytical item known as non-volatile 
ether extract; in other words, that portion of cayenne which is dis- 
solved by ether but is not volatilized by continued heating at the boil- 
ing point of water or even 10 degrees above. The Federal requirement 
of 15 percent for this analytical item is evidently very fair, there 
being no authentic instances of a pure cayenne falling below this 
figure. The average of twenty-three samples examined in Connecticut 
showed about 20 percent non-volatile ether extract. 

Most of the pungency of cayenne is due to an alkaloid-like crys- 
talline compound known as capsicin. It is present in both seeds 
and pod, but is by far more abundant in tbe placentas. The volatile 
portion of the ether extract is made up in part of capsicin. 

Cayenne contains no true starch, but does contain a slight pro- 
portion (about 1 percent) of a dextrin or gum-like substance which, 
like starch, is converted into sugar by the action of the ferment dias- 
tase and in analysis appears as starch. Hence the Federal limit of 
1.5 percent “starch.” Foreign starches, if present, would be imme- 
diately apparent under the microscope, as the granules of pure starch 
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from various cereals and other starch-containing substances (pepper 
or horseradish, for instance) are very characteristic in appearance 
under a powerful magnification. 

Table 56 gives the maxima and minima of the analytical results 
on sixty-eight samples of cayenne or ''chillies.'’ * 

Table 56. Cayenne Analyses. 

Percent 

Minimum Maximum 


Moisture 3.67 7.08 

Non-volatile ether extract : 15.59 23.21 

Volatile ether extract 0.23 2.57 

“Starch’^ (by diastase method) 0.80 1.46 

Crude fiber 20.35 27.91 

“Protein” (N x 6.25) 13.31 14.63 

Total ash 5.08 8.18 

Ash insoluble in acid 0.05 1.23 


The crude fiber (an analytical item comprehending mainly the 
woody fiber or cellulose of a spice) limit of 28 percent in the Federal 
cayenne standard is quite liberal. This item in any spice analysis, 
however, is meaningless for Federal standard comparison purposes 
unless determined exactly as specified in the official testing methods, 
called for in the Federal food law regulations. Therefore this item 
may be sometimes reported as exceeding the Federal limit when in 
reality it would not if the proper testing method had been used by 
one familiar with official analytical work. 

The term "protein” includes all nitrogen-containing compounds in 
the spice — proteins, amids, alkaloids, etc. — and is utterly without 
scientific significance, although sometimes useful as an analytical 
guide. It is determined by estimating the total nitrogen in the sub- 
stance and multiplying by the factor 6.25. 

Some later data reported by Boyles in Journal of Industrial & 
Engineering Chemistry, Mar., 1917, suggest that the standard for 
non-volatile ether extract should be lowered to 13 percent, and that 
for crude fiber raised to 30 percent. He reports as high as 32.3 per- 
cent crude fiber on a commercially acceptable Bombay capsicum 
and nearly 30 percent on a "Cherry” type capsicum of highest grade. 
A type of capsicum grown in South Carolina, from a mild paprika 
seed, has developed into a very "hot” variety, suitable to be ground 
as cayenne. The maximum for non-volatile ether extract was only 
15.7 percent, the minimum was 10.75 percent, and the average for 
17 samples was only 13.92 percent. 

* For data on different varieties, especially African and Japanese, see Bulletin 163 
of the U. S. Bureau of Chemistry, 
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Owing to a pronounced public demand for a bright red paprika, 
that spice has been found colored with coal-tar colors in the im- 
port inspection work, and a number of shipments have been refused 
entrance at the local port on that account. More often a small per- 
centage of olive oil or other fatty oil is added to improve the color 
of low grade paprika. Cayenne is sometimes artificially colored also. 
As adulterants, ground redwood, sandalwood, nut shells, olive stones, 
ginger, cereal products and gypsum have been reported. Microscopical 
examination will demonstrate all but the latter, which would be shown 
by the ash content. The U. S. Department of Agriculture allows 2 
percent stems in small capsicums (African chillies) and 5 percent in 
large (Bombay, Talay, Indian) chillies and Cherries. In any variety 
not over 10 percent of moldy or wormy pods is tolerated. 

Paprika and Pimenton 

Paprika, as defined in connection with the other red peppers, is 
the dried, ripe fruit of Capsicum annuumj L. and, according to the 
Federal standard in Circular 136 of the U. S. Dept, of Agriculture, 
should contain ^^not more than eight and five-tenths percent (8.5%) 
of total ash, nor more than one per cent (1%) of ash insoluble in 
hydrochloric acid; and the iodine number of its extracted oil is not 
less than 125 nor more than 136.^^ ^^Hungarian paprika^^ is ^'pa- 
prika having the pungency and flavor characteristic of that grown in 
Hungary.’^ 

Under “Hungarian paprika’^ we have standardized: (a) “Rosen- 
paprika, rozsapaprika, rose paprika” as “Hungarian paprika propiuxMl 
by grinding specially selected pods of paprika, from which the pla- 
centae, stalks and stems have been removed. It contains no more 
seeds than the normal pods, not more than eighteen percent (18%)) 
non-volatile ether extract, not more than twenty-three percent (23%)) 
of crude fiber, not more than six percent (6%) of total ash, nor 
more than four-tenths percent (0.4%) of ash insoluble in hydro- 
chloric acid.” (b) “Koenigspaprika, king^s paprika, is Hungarian pa- 
prika prepared by grinding whole pods of paprika without selection, 
and includes the seeds and stems naturally occurring with the pods. 
It contains not more than eighteen percent (18%) of non-volatile 
ether extract, not more than twenty-three percent (23%) of crude 
fiber, not more than six and five-tenths percent (6.5%) of total ash, 
nor more than five-tenths percent (0,5%) of ash insoluble in hydro- 
chloric acid.” 
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In Bulletin 163 of the U. S. Bureau of Chemistry, entitled the 
^^Composition of Different Varieties of Red Peppers’^ there are given 
many data on different combinations of the different parts of the 
Hungarian paprika pod (and also of the Spanish paprika or pimen- 
ton) which we abstract here. The proportions of different parts of 
the Hungarian paprika pod are as shown in Table 57. 

Table 57. Hungarian Paprika Pods. 


Minimum 

Shell 50.5 

Seeds and placentae ‘ 28.1 

Stems 6.0 


Percent 

Maximum Average 

63.7 56.4 

43.2 36.1 

9.4 7.5 


When these various parts are combined in different ways and 
ground the results in Table 58 are obtained. Sixty-eight samples are 
represented. (See next page.) 

It will be seen from this data that the standards for the dif- 
ferent grades of Hungarian paprika are very liberal. Only the use 
of an abnormal proportion of seeds could bring the non-volatile ether 
extract (fatty oil) above the limit specified, i.e., 18 per cent and 
only an excess of stems would bring the crude fiber above the 23 
percent limit. It is interesting to note, however, that a paprika 
made by grinding shell only would perhaps exceed the 23 percent 
limit for crude fiber. It is in the shell and the part of the placentse 
nearest the shell that most of the flavor, pungency and color is located. 

Pimenton (Spanish Paprika) , also called ^^pimienton,^^ is de- 
fined in the Federal standards (Circular 136, U. S. Dept. Agr.) as 
^^paprika having the characteristics of that grown in Spain. It con- 
tains not more than eighteen percent (18%) of non-volatile ether 
extract, not more than twenty-one percent (21%) of crude fiber, not 
more than eight and five-tenths percent (8.5%) of total ash, nor 
more than one percent (1%) of ash insoluble in hydrochloric acid.^^ 

It is a large-fruited pepper, a variety of Capsicum annuum, L., 
grown in Spain. The flavor is distinctly different from that of Hun- 
garian paprika and is very slightly pungent. It is imported into the 
United States largely on account of its coloring value and is used 
considerably to improve the color of tomato catsup, being a legiti- 
mate ingredient of catsup by virtue of its standing as a spice. 

The principal sophistication to which it is subject is the addition 
of a small percentage of some foreign fatty oil, usually olive oil, for 
the purpose of improving the red color of a sample of poor quality. 
Inasmuch as the spice is sold mainly on the basis of color, it is held, 
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in food inspection circles, that this apparent improvement in the red 
color is fraudulent, by making the product appear better than it is. 

The proportions of shell, seeds and placentae, and stems, in 
Spanish paprika, or pimenton, have practically the same range and 
averages as those parts in Hungarian paprika. Table 59 represents 
seventy samples reported by the U. S. Bureau of Chemistry (Bulletin 
163) and other analysts. (See next page.) 

By a study of the data of Table 59 it will be seen that the 
Federal standard limits for non-volatile ether extract (fatty oil) 
and crude fiber on the whole pod, with or without stems, are entirely 
liberal enough. Only an excess of stems, or seeds and placentae, 
might cause crude fiber to run high and only great excess of seeds 
and placentae or some added oil (for improving color) would cause 
the limit for non-volatile ether extract (fatty oil) to be exceeded. 
In fact, for judging if foreign fatty oil is present the ofiicial analyst 
does not confine himself to ascertaining if the 18 percent non-volatile 
ether extract limit has been exceeded. It is considered that if the 
maximum values reported below for whole pods (with or without 
stems), viz.: 13.8 percent and 13.3 percent, especially the former, is 
noticeably exceeded, either some foreign fatty oil has been added or 
an excess of seeds is present. If it is the latter the crude fiber 
will also probably be above the average, but the iodine number of 
the ether extract (by Seeker^s method) will be only slightly below the 
values as given for the whole pod (with or without stems) or the 
shell alone. 

If the percentage of non-volatile ether extract (by either method) 
is suspiciously high and the iodine number, or the refractive index, 
of the Seeker method extract is abnormal, then it is judged that 
foreign fatty oil is present. Olive oil is most generally used and 
as the iodine number of olive oil is generally between 80 and 90, 
averaging 85 or less, it will be seen that even three or four percent 
of added olive oil will cause a decided lowering of the iodine number 
of the fatty oil extracted from the paprika sample. Possibly a very 
small addition of olive oil to a paprika with a Seeker extract iodine 
number at the maximum would not give an iodine number less than 
the 125 specified in the general standard for paprika, but this would 
not pass the sample if the percentage of non-volatile ether extract 
(either method) was unduly high. Moreover, the refractive index 
of the Seeker ether extract would probably be suspiciously lowered 
also. 

There are other foreign fatty oils having iodine numbers as high 
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and even higher than that of the fatty oil (Seeker ether extract) 
from paprika (viz.: poppy-seed oil, 130 to 141; sunflower seed oil, 
119 to 135; soy bean oil, 128 to 134, and linseed oil, 171 to 181), but 
with even these oils it would be necessary to know that the pa- 
prika ran low in fatty oil and not to add enough of the foreign oil to 
exceed the whole pod maximum of 13.8 percent mentioned above. 
All these oils would also have a tendency to lower the refractive 
index of the Seeker extract, although perhaps not conclusively. 

Lowenstein and Dunne, in the April, 1910, issue of the Journal 
of Industrial and Engineering Chemistry ^ report on various paprikas 
of somewhat doubtful quality (possibly old and oxidized) and give 
an iodine number as low as 113.3 on fatty oil from whole Spanish 
pods, that, judging from the value for non-volatile ether extract 
(12.76%), contained no added foreign fatty oil. On a sample of shell 
alone they similarly report an iodine number of 114.8 and on seeds 
and placentae, obviously containing no added fatty oil, they give 
iodine numbers as low as 110.1 and 113.9. 

However, these iodine numbers were determined on the regular 
non-volatile ether extract, which is so treated and heated (during 
drying) as to probably oxidize and alter the constants (especially 
the iodine number) of the fatty oil. 

The Seeker method of extracting and quickly drying the fatty 
oil of the paprika avoids the above possibilities and it is very prob- 
able that if Lowenstein and Dunne had used this newer method, 
such low values for iodine number .(on evidently legally pure samples) 
would not have been obtained. 

An excess of seeds and placentae will raise the non-volatile ether 
extract and lower the iodine number a trifle, but this is, in itself, 
an adulteration as reprehensible as adding foreign fatty oil, if not 
more so. 

It will be seen that none of the reported samples of whole pods 
(with or without stems) or shell alone exceeded the Federal standard 
limits for total ash or ash insoluble in acid and only when pods are 
allowed to dry on the earth and are spattered with dust and sand 
(by rain, etc.) will the limit prescribed be exceeded. 

The Spanish paprikas (pimentons) have little or no pungency and 
are used more for coloring value (in tomato catsup for instance) than 
spice value. The fresh pod is used extensively for stuffing olives and 
when canned fresh they make a nice addition to salads and are used in 
making pimiento cream cheese. 
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Celeey Seed 

Next in order to cayenne and paprika, comes celery seed, legally 
defined in the Federal food standards as the “dried fruit of Apium 
graveolens, L., containing not more than 10 percent {10%) total 
ash nor more than 2 percent (2%) ash insoluble in hydrochloric acid. 
For import it must be 95 percent sound seed. Volatile oil should be 
not less than 2 percent. 

Cinnamon and Cassia 

Cinnamon is now so defined legally as to include cassia, being 
stated to be “the dried bark of cultivated varieties of the genus 
CinnamontuTrij from which the outer layers may or may not have 
been removed.'’ “True cinnamon," by which is meant the thin, 
closely rolled inner bark from the tree native to Ceylon, is defined 
in the Federal standards as “the dried bark of cultivated varieties of 
CinnarnoMuin zeylanicum, Breyne." The yield of true cinnamon is 
very small and very little of it reaches this country. 

True cinnamon is of a pale, yellow-brown color, the outer surface 
of the quill-like roll being marked with round, dark spots and fur- 
rowed longitudinally with wavy, light-colored lines. Its thickness 
varies from 1 to 3 millimeters. 

The odor of cinnamon is due to a volatile oil, of which from 1 
to 3 percent is present; and which is composed principally of cinnamic 
aldehyde and eugenol, at least 65 percent of the former and not more 
than 10 percent of the latter being required in the Federal standard 
for oil of cinnamon. It is very pungent and sweet and constitutes 
almost entirely the analytical item called “volatile ether extract.” 
Starch is present in cinnamon (from 15 to 25%) as circular, micro- 
scopical granules, considerably resembling allspice starch granules, and 
like the latter, ranging from 8 to 12 microns in diameter. Cinnamon 
contains a little tannin, some gum,* and naturally, a large proportion 
of woody fiber (cellulose, etc.) included under the analytical item 
“crude fiber.” 

The results of twelve analyses of “true cinnamon” compiled by 
the writer are shown in Table 60. (See next page.) 

Cassia, Saigon cinnamon, is defined in the Federal standards 
as “the dried bark of cultivated varieties of Cinnamomum cassia” 

* Hanus and Bien (Z. Na-hr. Genussm., 12, 395) report pentosans in 39 spices. 
In cinnamon they report 8 percent mannite and araban, galactan and xylan (also 
glucosan). 
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Percent 

Moisture 

Minimum 

?! 40 

Maximum 

12.44 

3.14 

3.30 

38.48 

22.00 

4.06 

5.99 

0.58 

Volatile ether extract 

0 72 

Non-volatile ether extract 

Crude fiber 

135 

Starch (by acid method) 

“Protein” (N x 6.25) 

Total ash (mineral residue) 

Ash insoluble in acid (“sand”) 

16.65 

2.98 

3.40 

0.02 


Cassia buds were defined as ^^the dried, immature fruit of species of 
Cinnamomum/^ 

The cheaper and most common cassia is the dried bark of Cinna- 
momum cassia, coming from China, India and Indo-China. It is 
darker in color and coarser in texture than ^^true cinnamon,’^ and from 
three to four times as thick. The outer surface of the roll is marked 
with warty protuberances and does not have the wavy lines charac- 
teristic of “true cinnamon.” 

Cassia buds are found in the market both in whole and in pow- 
dered form, and are often contained in the cheaper grades of ground 
cassia. Cassia contains a volatile oil very similar to that found in 
“true cinnamon,” but containing at least 75 percent of cinnamic 
aldehyde, according to the Federal standards. Starch is a little more 
abundant in cassia than in cinnamon, and the circular granules of 
it are a trifle larger, ranging from 13 to 23 microns in diameter. Cassia 
buds are similar in composition to cassia bark, containing, however, 
less starch and fiber and more volatile oil. 

Table 61 gives the results of twenty-six analyses of cassia, com- 
piled by the writer. 


Table 61. Cassia Analyses. 


Moisture 

Volatile ether extract 

Non-volatile ether extract . . . 

Crude fiber 

Starch (by acid method) 

“Protein” (N x 6.25) 

Total ash (mineral residue) . . 
Ash insoluble in acid (“sand”) 


Percent 


Minimum 

Maximum 

6.53 

17.45 

0.55 

5.15 

0.74 

4.13 

14.33 

28.80 

16.65 

32.04 

2.63 

5.44 

2.35 

6.20 

0.02 

2.42 


Several complete analyses of cassia buds have also been made. 
Results representing three samples examined in America are shown 
in Table 62. (See next page.) 
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Table 62. Analyses of Cassia Buds. 


Moisture 

Volatile ether extract 

Non-volatile ether extract . . . 

Crude fiber 

Starch (by acid method) 

“Protein” (N x 6.25) 

Total ash 

Ash insoluble in acid (“sand”) 


Percent 


Minimum 

Maximum 

4.79 

8.74 

3.U 

4.65 

5.21 

6.27 

8.60 

13.89 

10.44 

10.98 

7.00 

8.00 

4.58 

5.58 

0.19 

0.35 


Ground cinnamon, ground cassia, according to Federal standards 
of purity, “is a powder made from cinnamon and contains not more 
than five (5) percent of total ash and not more than two (2) percent 
of ash insoluble in acid.” * The acid-insoluble ash, as said before, is 
considered as sand, and by noting the above analyses it will be 
seen that one of the maxima for this item is somewhat above 2 
percent. This, however, was a very abnormal sample as the aver- 
age for twenty-six combined cinnamon and cassia analyses gave 
much less than 1 percent as the amount of sand to be looked for 
in ground cinnamon or cassia. The standard, therefore, is very 
liberal, as is also the standard for the total ash. The average of the 
thirty-eight combined cinnamon and cassia analyses just mentioned, 
for total ash, is well below 5 percent. 

In Austria, Switzerland and Bavaria the legal standard is: not 
more than 5 percent total ash nor more than 1 .percent sand. 

The Federal standard analytical limits do not, of course, dem- 
onstrate necessary botanical purity. The definition parts of the 
standards, however, imply botanical purity, and any foreign vege- 
table matter is usually detected by the skilled microscopist or can 
be demonstrated by certain of the chemical determinations. 

Thus the addition of foreign starchy adulterants would be quickly 
shown by the microscope, while foreign barks (few of which contain 
starch), if not plainly proven by the microscope, would be confirmed 
by the decided increase in crude fiber and decrease in starch. Elm 
bark is reported as having been occasionally found, also the more 
general spice adulterants, such as ground nut shells, olive stones, 
pea hulls, exhausted cloves and ginger and various cereal products. 
Few of these would be missed by the experienced food microscopist. 


standard allows in true (Ceylon) cinnamon not more 
other foreign matter, not more than 0 percent 
total ash, nor more than 2 percent of ash insoluble in hydi’ochloric acid, nor less than 
2 Cinnamon or cassia not less SS 

peS aeW Wuble ash ® 2 
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Clovis 

Cloves are the dried, undeveloped flowers of the clove tree, an 
evergreen of moderate height of the myrtle family and cultivated ex- 
tensively in tropical regions, particularly Zanzibar, Brazil, Ceylon, 
India and the Malay peninsula. 

The green buds during their growth change to a reddish color, at 
which stage they are collected and allowed to dry, the color changing 
to a deep brown. Each whole clove consists of a hard, peg-shaped 
calyx surmounted with four sepals surrounding a globular casing con- 
sisting of tightly rolled petals, stamens, pollen grains and other parts 
of the flower. 

The Federal definition and standard reads as follows: “Cloves 
are the dried flower buds of Caryophyllus aromaticus, L./’ which “con- 
tain not more than five (5) percent of clove stems; not less than 
fifteen (15) percent of volatile ether extract; not less than twelve 
(12) percent of quercitannic acid (calculated from the total oxygen 
absorbed by the aqueous extract) ; not more than seven (7) percent 
of total ash; not more than five-tenths (0.5) percent of ash insoluble 
in hydrochloric acid, and not more than ten (10) percent of crude 
fiber.” 

The U. S. Pharmacopoeia standard allows not over 5 percent stems 
or other foreign matter, not less than 10 percent volatile ether extract, 
not more than 8 percent total ash nor more than 0.5 percent ash 
insoluble in hydrochloric acid. 

The principal constituent of the analytical item known as volatile 
ether extract (i.e., matter dissolved out by ether and volatilized at 
the temperature of boiling water or 10° C. above) is clove oil, the 
ingredient to which the greater part of the condimental value is due. 
Oil of cloves is composed of from 70 to 80 percent of a phenol-like, 
chemical compound known as eugenol and several terpenes, particu- 
larly caryophyllene. 

Cloves also contain some fixed oil and resin (constituting the 
non-volatile ether extract) ; a notable and quite constant proportion 
of tannic acid, and considerable fiber (mainly cellulose) ; but no 
starch, although the diastase method of estimating starch shows about 
3 percent of compounds very closely related to starch. “Mother 
cloves,” a matured clove' tree product, used to some extent for adul- 
terating cloves, contains much starch, the granules of which very 
closely resemble ginger starch. 
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Table 63 shows the maximum and minimum limits found in 
eighty-six analyses of botanically pure cloves, compiled by the author. 

Table 63. Clove Analyses. 

Percent 

Minimum Maximum 


Moisture 2.90 11.80 

Volatile ether extract (oil) 11.03 20.53 

Non-volatile ether extract 4.87 12.00 

Quercitannic acid 11.28 24.18 

‘Trotein” (N x 6.25) 4.20 7.06 

“Starch” (by diastase method) 2.08 3.15 

Crude fiber 6.18 9.75 

Ash (mineral residue) 5.03 13.05 

Ash insoluble in acid (sand) 0.00 0.13 


* The water in fresh cloves should not exceed 12 pei*cent and in stored cloves not 
exceed 8 percent. 

The minimum figure for quercitannic acid and the maximum total 
ash figure as given in the table are very rarely met. A clove sample 
with 13 percent of mineral matter (unfortunately the acid-insoluble 
ash is not given in the several government analyses which report 
above 10 percent total ash) is doubtlessly abnormally dirty, but there 
is good evidence for believing that the limit of J percent fixed in 
the Federal standard should be supported by more data than were 
evidently considered by the Commission. The 11.28 percent of quer- 
citannic is very low (the great majority of samples range between 
16 percent and 20 percent), and the limit allowed in the Federal 
standard, i.e., 12 percent, is probably liberal enough for all purposes. 

As is well known, the most common sophistication of ground 
cloves is the incorporation of more or less exhausted cloves, the prod- 
uct remaining from the process of preparing oil of cloves. When one 
considers the range between the Federal requirement coini)rehonding 
this constituent (viz., '"not less than 15 percent of volatile ether 
extract”) and the above, and even higher maximum that has been 
found, it will be seen that, starting with a clove rich in oil, a fairly 
large proportion of exhausted cloves can be added without detec- 
tion, unless, as might sometimes be the case, the crude fiber limit is 
thereby exceeded. 

Another common form of adulteration in cloves is the admix- 
ture of an excess of clove stems. The Federal standard provides for 
a reasonable unavoidable presence of clove stems, viz., 5 percent. The 
skilled spice microscopist can tell very closely whether this limit 
has been overstepped, although it is doubtful if strictly chemical 
methods would prove it unless the adulterant was present in large 
amount. The most noticeable difference chemically, which would 
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upset the chemical values for pure cloves, if a considerable admix- 
ture were attempted, is the decidedly greater proportion of fiber found 
in the stems. Table 64 gives the mean results of two analyses of 
clove stems. 

Table 64. Analyses of Clove Stems. 

Percent 


Moisture 8.74 

Volatile ether extract 5.00 

Non-volatile ether extract 3.83 

Quercitannic acid 18.79 

^‘Protein” (N x 6.25) 5.88 

“Starch” (by diastase method) 2.17 

Crude fiber 18.71 

Ash (mineral residue) 7.99 

Ash insoluble in acid (“sand”) 0.60 


Added to a clove poor in clove oil, the rather low volatile ether 
extract figure above reported would preclude the addition of much 
clove stems. Other adulterants which have been reported as being 
occasionally found in ground cloves are allspice, exhausted ginger, 
cereal products, ground nut shells and olive stones and charcoal. Mi- 
croscopical analysis^ would quickly demonstrate such crude attempts 
at sophistication. 


Coriander 

As defined and standardized in the Federal food standards “Cori- 
ander seed is the dried fruit of Coriandrum sativum, L. It contains 
not more than seven percent (7%) of total ash nor more than one 
and five-tenths percent (1.5%) of ash insoluble in hydrochloric acid.^' 
The U. S. Pharmacopoeia (Ninth Revision) required coriander, in addi- 
tion to the same ash limit, to contain at least 0.5 percent of volatile 
oil (volatile ether extract) and to be 95 percent sound seed, i.e., not 
more than 5 percent of other seeds or foreign matter. This last 
requirement is also specified in the import inspection standard, (S. R. 
A. Item 71). Wormy seeds are considered as foreign matter. 


Cumin Seed 

This spice is defined as “the dried fruit of Cuminum cyminum LT 
containing “not more than nine and five-tenths (9.5%) of total ash, 
not more than one and five-tenths percent (1.5%) of ash insoluble 
in hydrochloric acid, nor more than five percent (5%) of harmless 
foreign matter.” A limit for volatile oil is pending investigation. 
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Dill See® 

“Dill seed is the dried fruit of Anethum graveolens L. It con- 
tains not more than ten percent (10%) of total ash, nor more than 
three percent (3%) of ash insoluble in hydrochloric acid.” 

Fennel Seed 

Fennel seed is legally defined as “the dried fruit of cultivated 
varieties of Foeniculum vulgare Hill,” containing “not more than 
nine percent (9%) of total ash, nor more than two percent {2%) 
of ash insoluble in hydrochloric acid.” Service & Regulatory An- 
nouncement Item 71 specifies that it should also show not less than 
96 percent sound fennel seed, a requirement copied from the U. S. 
Pharmacopoeia. The volatile oil, like that of anise seed, is used 
in medicine. 

Ginger 

Next in order we come to ginger, which, as a spice, is the ground 
dried rhizome of an annual herb of the family Zingiber acecR, native 
to India and China, but cultivated quite extensively in tropical 
America and Africa. The root is dug when the plant is about a 
year old and the stem has withered. Scalded and dried at once 
with the skin on, it forms the so-called black ginger of commerce; 
while that with the skin removed is known as white ginger, the 
latter often being bleached or sprinkled with carbonate of lime. 
Jamaica ginger is one, if not the best, of the varieties of white 

j, I [j I i 

White or decorticated ginger is less aromatic than whole or black 
ginger, as the epidermis of the latter contains considerable pungent 
resin. The most characteristic chemical constituents of ginger arc 
the large amount of starch and the pungent volatile oil and resins 
to be found therein. The starch granules under the microscope 
appear as egg shaped, nearly transparent bodies, having a wart-like 
protuberance near one end of the long diameter. Volatile oil of 
ginger is very aromatic, ranging fom 0.875 to 0.885 in specific gravity, 
and being but slightly soluble in alcohol. 

The following is the Federal definition and standard for ginger: 
“Ginger is the washed and dried or decorticated and dried rhizome 
of Zingiber officinale Roscoe,” and “contains not less than forty- 
two (42) percent of starch, not more than eight (8) percent of 
crude fiber, not less than twelve (12) percent of cold water extract, 
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not more than seven (7) percent of total ash, not more than one (1) 
percent of lime (CaO), and not more than two (2) percent of ash 
insoluble in hydrochloric acid, nor less than two (2) percent of ash 
soluble in water.” “Limed, or bleached, ginger is whole ginger 
coated with carbonate of lime,” and “contains not more than ten 
(10) percent of total ash, not more than four (4) percent of carbo- 
nate of calcium, and conforms in other respects to the standard for 
ginger.” “Jamaica ginger is ginger grown in Jamaica. It contains 
not less than fifteen (15) percent of cold water extract, and conforms in 
other respects to the standard for ginger.” 

There have been many partial and complete analyses of ginger 
made, especially in State food inspection laboratories, but only a 
very few of the whole root, with special reference to the use or non- 
use of lime. Hence, in the following results (Table 65), representing 
141 samples pronounced pure in State inspection work, it will appear 
that the maximum total ash figure found is much above the Federal 
limit of seven percent. The analysis furnishing this figure also 
showed a high proportion of carbonate of lime, however, and prob- 
ably most, if not all, of the analyses showing a total ash decidedly 
above 6 percent were of ground ginger which had originally been 
well limed. 


Table 65. Analyses of Ginger. 


Percent 


Moisture 

Volatile ether extract (oil) 

Non-volatile ether extract (resins) 

Alcohol extract 

Cold water extract 

Starch (diastase method) ....... 

Crude fiber 

'Trotein” (N x 6.25) 

Total ash (mineral residue) 

'Ash insoluble in acid 

Ash soluble in water 

Lime (CaO) 


Minimum 

Maximum 

8.71 

12.00 

0.96 

4.05 

2.29 

8.42 

3.63 

9.58 

10.92 * 

17.55 

42.89 

60.31 

1.70 

7.85 

4.81 

10.85 

3.10 

9.35 

0.02 

2.29 

2.00 

4.02 

0.20 

3.53 


* Kebler and Kimberly (Bureau of Chemistry Bulletin 152) report on 18 varieties 
of ffinsrer, six of which showed less than 12 percent of cold water extract and four of 
which showed less than 42 percent starch, several as low as 32 percent starch. Also 
see J. A: 0. A. 0. for Nov., 1915, for other data on different varieties. 


Excepting the nainimum figure for cold water extract, it will 
be noticed that in conaparison with the above data the analytical 
limits fixed in the Federal standards are liberal enough. In our 
compilation we have included two new analytical items, viz.: the 
alcohol extract, or substances dissolved out by strong (95%) alcohol, 
and the cold water extract, or substances dissolved out by cold water. 
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Both items are of considerable interest and value; first, because 
they show the amounts of solid matter to be looked for in an official 
ginger extract (made according to the U. S. Pharmacopoeia) , and in 
^^ginger ale’^ respectively; and, second, because they afford evidence 
as to adulteration with the exhausted ginger remaining after the 
preparation of the ginger extract or ale. Another item of value for 
detecting the presence of exhausted ginger from ginger ale manu- 
facture, is the proportion of ash soluble in water, which is usually 
less than 0.5 percent in the ginger ale residue, but from 1.8 to 4 
percent in pure ginger. Allen and Moore ^ are quite dogmatic on 
these points and claim that the presence of exhausted ginger (the 
ginger ale residue is meant here) is assured when the cold water 
extract is less than 8 percent and the water soluble ash less than 1 
percent. The use of exhausted ginger from ginger extract manu- 
facture would be indicated by the low ether and alcohol extracts. 
Table 66 shows the analytical nature of both kinds of exhausted 
ginger. 


. Table 66. 


Moisture 

Volatile ether extract . . . 
Non-volatile ether extract 

Alcohol extract 

Cold water extract 

Starch (diastase method) 

Crude fiber 

“Protein” (N x 6.25) .... 

Total ash 

Ash soluble in water 

Ash insoluble in acid 


Analyses of Exhausted Ginger. 

Percent 


Ginger Extract Ginger Ale 

Besidue 

XieMdue 

. 8.02 

10.61 

. 0.13 

1.61 

. 0.54 

3.86 

. 1.52 

4.88 

. 16.42 

6.15 


54.57 


5.17 


6.94 

] 5.05 

1.1 to 2.12 

. 3.55 

0.2 to 0.59 

. 1.50 

0.18 


Other adulterants of ginger that have been found in food inspec- 
tion work are turmeric, cereal products and sawdust. The presence 
of turmeric would be demonstrated either with the microscope or 
by the well-known boric acid test, and the characteristic shape of 
the ginger starch granules would enable the easy microscopic rec- 
ognition of all other starch-containing substances (cereals, etc.) , save 
mother cloves, the use of which would be impracticable unless ex- 
hausted and bleached. Sawdust, if used to any extent, would greatly 
increase the crude fiber value, and would also be shown by a careful 
microscopical study of the fiber cells. 

The U. S. Pharmacopoeia requires not less than 8 percent of cold 


Analyst, 18 , 194 ( 1894 ). 
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water extract, not less than 2 percent non-volatile etheK^I 
less than 4 percent alcohol-soluble extract and not 
percent total ash. 


Horseradish 


IBRAR 

199 ^ 
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Horseradish is legally defined in the Federal standards as “the 
root of Radicula armoracia (L) , Robinson, either by itself or ground 
and mixed with a vinegar.^^ At present no analytical limits are 
called for, hot even the kind of vinegar to be used being stated, 
although considerable confusion and some forms of adulteration exist 
in the trade. One of the principal forms of the latter is the use in 
the ground bottled product of more or less cornstarch paste, usually 
in a quite small proportion, to give the vinegar a milky color, but 
sometimes in considerable amount as a “filler,” or absorber of excess 
of vinegar. 

Owing to the fact that the dry solid matter of the horseradish 
root is, to a large extent, composed of starch (quite small, football 
shaped, microscopical granules), it would be difficult, if not im- 
possible, to estimate the added starch chemically, but with the micro- 
scope a fairly close approximation of the foreign starch might be 
made, provided the- latter had not been cooked to the extent of de- 
stroying its histological structure. 

The pungent volatile oil so characteristic of a freshly cut horse- 
radish root somewhat resembles in composition that of mustard 
seed, containing evidently, like the latter, a certain proportion of 
sulfur, which gives by the ofiicial method a test resembling that 
given by sulfurous acid, a fact which has misled several careless 
State chemists into making the rather absurd accusation that a 
preservative had been used in the horseradish examined by them. 
The most likely form of adulteration to be looked for in bottled or 
ground horseradish is the substitution of other roots, especially turnip 
or white beets, and the addition of synthetic “mustard oil.” 


Mace 

Mace is frequently but not necessarily considered in connection 
with nutmeg, it being the drilled arillus surrounding the seed (nutmeg) 
of a certain variety of the genus Myristica, a tree from twenty to 
thirty feet high, native to the Malay archipelago. The Federal 
standard plainly indicates that neither Macassar, Papua nor Bombay 
mace (also called wild or false mace) can be regarded as the spice 
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under discussion, by specifically defining mace as ''the dried arillus 
of Myristica fragrans, Houttuyn,’’ which should contain "not less 
than twenty (20) nor more than thirty (30) percent of non-volatile 
ether extract, not more than three (3) percent of total ash, and not 
more than five-tenths (0.5) percent of ash insoluble in hydrocliloric 
acid, and not more than ten (10) percent of crude flbcr.^’ 

Macassar mace, or Papua mace, is defined as "the dried arillus of 
Myristica argentea, Warb,^^ while the almost inert Bombay mace,^ 
so frequently used to adulterate true mace, was originally defined as 
"the dried arillus of Myristica malabarica, Lamarck. 

Mace contains no starch, but does contain a notable quantity 
of a dextrin very closely related to starch and appearing under tlie 
microscope as minute spherical granules, which are colored a reddish 
brown by iodine solution. Like starch, this dextrin, sometimes called 
amylodextrin, can be estimated by the diastase mdhod. Ma(‘(‘ also 
contains a generous proportion of fixed oil or fat and some r(‘sin, con- 
stituting together the analytical item known as non-volatile dlier 
extract. In Macassar and Bombay maces this item is more than 
doubled, hence a quite small addition of Bombay mace to true imu^e 
is chemically apparent. Moreover, under a high-power microscopes, 
a true mace shows a pale yellow or grayish mass of loose texture, 
while Bombay mace shows many dark red and bright yellow lumps 
of resin. The so-called Hefelmann test for Bombay mace is wortli- 
less, as the same reaction is given by many, if not all, triu^ macc^s. 

The volatile oil of mace is very fragrant and is (uimph^ic'ly, though 
very slowly, driven off by heat, even after being extracted with eth(n\ 
It closely resembles nutmeg oil, chemically. 

Table 67 shows the maximum and minimum results of ten analyses 
of pure mace examined or compiled by the author. 


Table 67. Analyses of Mace. 


Moisture 

Volatile ether extract 

Non-volatile ether extract 
Dextrin (diastase method) 

Crude fiber 

^Trotein” (N x 6.25) 

Total ash (mineral residue) 
Ash insoluble in acid 


P(‘rc('nt 


Minim, um 

Ma:('hnu m 

4.86 

14.60 

4.04 

11.07 

21.63 

29.61 

23.12 

30.43 

2.94 

8.93 

4.55 

7.00 

1.81 

4.10 

0.00 

0.61 


Similar to all of the Federal spice standards, we have considered 
thus far, the limits fixed are liberal enough (too liberal in aomc cases) 

Be&ulatory Announcement, Item 352 prohibits the HUle of Bombay 
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except in the total ash figures, wherein the commission have some- 
what arbitrarily decided upon limits not borne out by reported an- 
alyses of pure, high quality products. For example, the above maxi- 
mum figure for total ash was obtained by Dr. Wiley's predecessor 
on a sample of clean whole mace. The author has also examined 
several whole maces,. which gave total ash values decidedly above 
the 3 percent limit called for in the Federal standards. 

The commonest adulteration of mace, as intimated above, is the 
addition of Bombay mace. The analyses of Macassar and Bombay 
mace shown in Table 68 are of interest. 

Table 68. Analyses of Macassar and Bombay Mace. 

Percent 

Macassar Bombay 


Mace Mace 

Moisture 4.18 0.32 

Volatile ether extract 5.89 4.65 

Nonvolatile ether extract 53.54 59.81 

Dextrin (diastase method) 8.78 14.51 

Crude fiber 4.57 3.21 

“Protein” (N x 6.25) 7.00 5.06 

Total ash (mineral residue) 2.01 1.98 

Ash insoluble in acid 0.03 0.07 


Another common adulteration of mace is the addition of ground 
nutmeg, sometimes in large proportion. The microscope quickly shows 
this form of sophistication, however, as nutmeg contains considerable 
(15 to 26%) true starch, which has a very characteristic appearance 
under a strong magnification. Of course, traces of nutmeg starch 
should be disregarded by the spice micxoscopist as the same are 
due to an unavoidable introduction of small fragments of nutmeg occa- 
sionally adhering to the mace arillus. Other adulterations reported are 
turmeric, cereal products and, in whole mace, fragments of a bright red 
seaweed, closely, resembling the mace arillus. 

The National Formulary requires mace to be free from- Bombay 
mace, to contain not less than 8 percent volatile ether extract, not 
less than 20 percent nor more than 30 percent non-volatile ether ex- 
tract, nor more than 3 percent of total ash. 

Marjoram 

The Federal standards define Marjoram as ^'the dried leaf and 
flower-tops of Major ana hortensis Moench." Food Inspection De- 
cision 194 calls for “not more than sixteen (16) percent of total ash, 
not more than four and five-tenths (4.5) percent of ash insoluble in 
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hydrochloric acid, nor more than ten (10) percent of stems and harm- 
less foreign material.” 

Mustard Seed (Also see Chapter IV) 

Three different varieties of mustard seed are defined in the Fed- 
eral standards, viz.: “The seed of Sinafis alba (L.) (white mustard) ; 
Brassica nigra (L.) Koch (black mustard), and Brassica juncea Hook 
f. et Th., or varieties or closely related species of Brassica nigra and 
juncea.” In their chemical composition there is a distinct difference 
between ordinary white (or yellow) mustard seed and black or brown 
mustard seed. The white (or yellow) seeds contain somewhat less fatty 
oil and a more uniformly low percentage of fiber than do the brown 
seeds. The principal difference, however, is in the nature of the 
chemical constituents which yield the powerful volatile oil when 
the whole seed (more particularly the black or brown seed) is ground 
and mixed with water. 

Both white and black seeds contain an alkaloid known as sinapin 
sulfocyanide, a ferment or enzyme known as myrosin, and no starch. 
Black mustard seeds, however, contain a glucoside, known as sinigrin, 
not found in white mustard seeds; while the latter contain a glucoside 
known as sinalbin. When the seeds (especially the black seeds) are 
ground and moistened the ferment myrosin is enabled to come in 
contact with and react with the glucoside (sinigrin) to form about 
1.2 percent of the well-known volatile oil of mustard, known chem- 
ically as allyl sulfocyanide or isothiocyanate. It has a powerful odor 
and is capable of blistering the skin. The glucoside in white mustard 
(sinalbin) reacts with the ferment myrosin, when the seeds are ground 
with water to form traces of a somewhat similar but distinctly different 
volatile oil. 

The fixed or fatty oil of mustard is a bland, tasteless, pale yellow 
oil, which has been used as a table oil, but is more generally used 
for illuminating purposes. It is found in the whole seed ranging from 
about 22.5 percent in white mustard to as high as 39 percent in 
certain brown mustards and 43 percent in Oriental yellow seed. 
In the manufacture of ground mustard, or mustard “flour,” a large 
proportion of this fatty oil is removed by pressure, as is evidenced 
below by the analytical data on ground commercial mustard, or mus- 
tard flour. 

It is also customary to remove a certain proportion of the mustard 
hulls in the manufacture of mustard “flour.” These removed hulls or 
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bran are frequently incorporated, however, into prepared mustard, con- 
stituting an adulteration of the latter which the Federal standard, as 
we have seen, will not usually accommodate. In connection with pre- 
pared mustard (see Chapter IV) , we have gone rather extensively into 
the legal chemistry of the various mustard products, which the Federal 
standards list, viz.: Sinapis alba (white or yellow mustard), Brassica 
nigra (black and brown mustard), Brassica juncea (and varieties and 
closely related species). Ground Mustard Seed or Mustard Meal, 
Mustard Cake, and Mustard Flour or Ground Mustard; and we 
will not try to repeat all the data here. 

It will be of interest, however, to see how different varieties of 
mustard seeds analyze, especially the newer Oriental seeds, both 
on the basis of the original seed and on the dry, fat-free basis. The 
data in Table 69, determined by R. Hertwig and T. 0. Kellems of 
the San Francisco laboratory of the U. S. Bureau of Chemistry, rep- 
resent 18 samples of English, California, Dutch and Danish yellow 
mus|iard seeds; 15 samples of English, California, Italian and South 
American brown mustard seeds and 10 samples of Chinese and 
Japanese yellow seeds (Brassica cernua), the latter being similar to 
the brown seeds in yielding a notable percentage of a volatile oil 
of mustard,* whereas ordinary yellow seeds yield only a trace. 

We have spoken of the significance of the data on nitrogen, phos- 
phoric acid, calcium oxide and magnesium oxide and the various ratios 
in connection with prepared mustard (see Chapter IV) and it is by 
these data that it will be possible to establish the presence of an excess 
of mustard hulls (bran) more surely than by the percent of crude 
fiber (or ratio of same to dry and fat-free solids) alone. 

It will be noticed that the Oriental yellow seeds (Brassica cernua) 
show distinctly less crude fiber than either the ordinary yellow seeds 
(Sinapis alba) or the various black and brown seeds. The maximum 
(on the dry, fat-free basis) for Oriental yellow seeds is 8.3 percent 
(which is practically the minimum for the other seeds) and in a 
prepared mustard made from Oriental seed largely, such as is the 
case in several well-known brands, it is peculiar that the crude fiber 
(figured to dry, salt-free and fat-free basis) is always up around 11 
to 12 percent, just within the Federal prepared mustard standard 
limit for crude fiber. Such cases are illustrations of the need of 
other data and ratios, such as referred to above, for proving that 
excess bran is present even though the standard limit for crude fiber 
has been complied with. 

* Said to be crotonyl sulfocyanide. 
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Table 69. Analyses of Mustard Seeds. 

. Percent 


Sinapis alba Brassica nigra BrasHea oernua 

(Yellow) (Brown) (Oriental) 


Maximum Minimum 

Maximum 

Minimum 

Maximum 

Mmimum 

Original Seeds 

Moisture 

8.71 

6.23 

8.19 

6.63 

7.34 

5.68 

Fatty Oil 

32.36 

26.01 

39.85 

29.48 

43.76 

33.70 

Nitrogen 

5.43 

3.93 

4.83 

3.51 

4.39 

3.90 

Crude Fiber 

6.64 

5.28 

6.87 

4.81 

4.48 

3.94 

Volatile Mustard Oil 

0.06 

0.04 

1.32 

0.55 

0.88 

0.65 

Total Ash 

5.47 

3.57 

8.97 

3.68 

8.41 

3.89 

Water-insoluble Ash 

4.66 

2.73 

8.46 

3.07 

7.99 

1.85 

Acid-insoluble Ash 

0.48 

0.00 

3.66 

0.06 

4.86 

0.11 

Total Phosphoric Acid 

2.57 

1.50 

2.47 

1.66 

1.96 

1.28 

Calcium Oxide 

0.786 

0.478 

1.014 

0.516 

0.583 

0.448 

Magnesium Oxide 

0.626 

0.401 

0.717 

0.529 

0.640 

0.449 

Moisture- and Fat-Free Basis 

Nitrogen 

8.35 

6.52 

8.00 

6.42 

7.90 

7.21 

Crude Fiber 

11.0 

8.1 

11.0 

8.0 

8.3 

7.2 

Total Phosphoric Acid 

Calcium Oxide 

4.13 

2.30 

4.40 

2.92 

3.91 

2.28 

1.298 

0.734 

1.734 

0.855 

1.075 

0.797 

Magnesium Oxide 

0.984 

0.616 

1.326 

0.849 

1.251 

0.798 

n 

Ratios 

Nitrogen/ Crude Fiber 

1.00 

0,59 

1.00 

0.56 

1.02 

0.87 

Phosphoric Acid/Crude 
Fiber 

0.46 

0.28 

0.42 

0.28 

0.49 

0.30 

Magnesium Oxide/Crude 
Fiber 

0.10 

0.07 

0.13 

0.08 

0.16 

0.10 

Calcium Oxide/Magnesium 
Oxide 

1.69 

0.96 

1.71 

0.84 

1.06 

0.79 

Ratio A* 

0.64 

0.29 

0.78 

0.27 

0.46 

0,26 

Ratio B t 

0.88 

0.32 

0.78 

0.29 

0.44 

0.21 


* Ratio A is the Calcium Oxide multiplied by the Crude I^niber and dlvidcMl by the 
Phosphoric Acid (as P'^O's) after multiplication of the latter by the Nitrogen, 
t Ratio B is Ratio A divided by the Magnesium Oxide. 


The data on fatty oil show that the Oriental seeds run higher in 
this constituent and the data on volatile oil illustrate clearly the 
decided condimental difference between the ordinary yellow seeds 
(averaging 0.05 percent volatile oil, as allyl isothiocyanate) and the 
brown and Oriental yellow seeds showing from twelve to twenty- 
six times greater yield of volatile (flavoring) oil. Yet other con- 
stituents in the ordinary yellow seed {Sinapis alba) give it a condi- 
mental value that has been long recognized. 

In connection with the exhaustive analyses, by Hertwig and 
Kellems, of different varieties of mustard seeds, there were cleterT 
mined also similar data on 19 samples of commercial mustard brans 
(hulls as separated in the manufacture of mustard flour) which we 
give here for completeness of data (Table 70) and to show how 
the above-mentioned ratios will be affected by the presence of added 
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bran. For more data the reader should consult the Journal of the 
Association of Official Agricultural Chemists for August and No- 
vember of 1923. 

Table 70. Analyses of Commercial Mustard Brans. 


Percent 

Original Material 

Moisture 

Fatty Oil 

Nitrogen 

Crude Fiber 

Volatile Oil of Mustard 

Total Ash 

Water-insoluble Ash 

Acid-insoluble Ash 

Total Phosphoric acid (P 2 O 5 ) 

Calcium oxide (CaO^ 

Magnesium oxide (MgO) 

Moisture- and Fat-Free Basis 

Nitrogen 

Crude Fiber 

Total Phosphoric acid (PaOs) 

Calcium oxide (CaO) 

Magnesium oxide (MgO) 

Ratios 

Nitrogen/Crude Fiber 

PaOs/Crude Fiber 

MgO/Crude Fiber . . , 

CaO/MgO 

Ratio A * 

Ratio B * 

See references under Table 69. 

The Federal standards, as amended by Food Inspection Decision 
192, define a “Ground Mustard Seed” or “Mustard Meal” as “the 
unbolted, ground mustard seed and conforms to the standards for 
mustard seed.” “Mustard Cake is ground mustard seed or mustard 
meal from which a portion of the fixed (fatty) oil has been removed.” 

Ground mustard as sold commercially is defined and standardized 
as follows: “Mustard Flour, Ground Mustard, “Mustard,” is the 
powder made from mustard seed with the hulls largely removed and 
with or without the removal of a portion of the fixed (fatty) oil. It 
contains not more than one and five-tenths percent (1.5%) of starch, 
nor more than six per cent (6%) of total ash.” 

The limit for total ash should be at least one percent higher 
and, if the data determined on brown and Oriental mustard seeds 
(by Hertwig and Kellems of the U. S. Bureau of Chemistry) are taken 
into consideration, the 5 percent limit for total ash in the Federal 
standards for Brassica nigra, Brassica juncea and varieties and closely 


0.09 

0.42 

0.01 

0.17 

0.01 

0.06 

1.2 

4.9 

1.3 

23.4 

1.6 

61.4 


Minimum 

Maximum 

. 7.29 

10.56 

. 8.47 

18.29 

. 2.53 

4.52 

. 10.77 

25.18 


0.33 

*. *4.29 

5.68 

. 1.95 

3.54 

. 0.02 

0.61 

. 0.572 

1.851 

. 0.644 

1.518 

. 0.263 

0.605 

. 2.70 

5.92 

. 14.1 

29.2 

. 0.69 

2.42 

. 0.862 

1.910 

. 0.328 

0.792 
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related species of the same, should be raised to 9 percent. The 
U. S. Pharmacopoeia (Ninth Revision) allows 9 percent ash in both 
Sinapis alba (white or yellow mustard) and Brassica nigra (black 
mustard). Hertwig and Kellems also reported brown and Oriental 
mustard seeds with two and three times as much acid-insoluble ash 
as is allowed in the mustard seed standards, i.e., 1.5 percent. 

The U. S. Pharmacopoeia allows not over 5 percent of foreign 
seeds to be present and the U. S. import inspection allows the 
same limit. Certain weed seeds are quite rich in starch; moreover 
mustard seed, although it contains no true starch, does show a small 
proportion of substances which upon analysis appear as ^'starch” 
by the legal diastase method of estimating starch. It would seem 
therefore, and our analyses (see below) of pure mustard flours sup- 
port it, that the 1.5 percent starch limit of the Federal standard for 
“Mustard Flour” or “Ground Mustard” should be raised one percent 
also. This limit is simply for the purpose of accommodating the 
accidental traces of weed seed starch and of course the microscope 
will quickly demonstrate any material adulteration with starchy 
matter. 

Table 71 represents 23 samples of pure commercial ground mus- 
tards (or mustard flours) examined in the Massachusetts and Con- 
necticut food inspection departments. 

Table 71. Analyses of Ground Mustards (Mustard Flours). 

Percent 

Minimum Maximum 


Moisture 5.09 9.50 

Non-volatile ether extract (fatty oil) 12.65 38.47 

Alcohol extract 19.22 25.31 

“Protein” (N x 6.25) 35.63 46^50 

Crude fiber 1.58 4 87 

Starch (diastase method) 0.00 2^08 

Total ash (mineral residue) 4.30 7.35 

Ash insoluble in acid 0.08 0.50 


The most common adulteration in earlier days was the addition 
of cereal flours, especially wheat flour; excess of finely ground hulls 
and turmeric. The last was used in small proportion for coloring 
purposes — either to restore color when a cereal adulterant had been 
added, or to give to naturally pale-yellow pure mustard the vivid 
yellow color usually wanted by the buying public. 

Other adulterations of both whole mustard seeds and of meals 
and flours made from them, are the accidental and intentional addi- 
tions (sometimes complete substitution), of certain rapes and wild 



THE LEGAL CHEMISTRY OF SPICES 


207 


mustard seed or charlock. The latter analyzes almost identical with 
Sinapis alba (ordinary yellow or white mustard). In Chapter IV 
under “Prepared Mustard'^ are given the comparative analyses of 
various rapes and charlock (Sinapis arvensis) and details and remarks 
upon the use of the same, especially in prepared mustard. 

Prepared Mustard 

This condimental sauce is standardized under the spices in the 
Federal standards. We have dealt with it quite fully in Chapter IV, 
which see. 

Nutmeg 

Nutmeg being a product of the same tree as mace — both, in fact, 
being very closely associated, as the seed of the nutmeg fruit and 
its covering, or arillus — they are frequently taken up together in a 
food chemistry manual. In the Federal standards of purity for food 
products (Circ. 136, Office of Secretary, U. S. Dept, of Agriculture), 
however, the alphabetical arrangement is adhered to, and thus, fol- 
lowing the various mustard standards, we now come to nutmeg 
specifically defined as “the dried seed of Myristica fragrans, Houttuyn, 
deprived of its testa, with or without a thin coating of lime.^^ 

If up to legal requirements, it must contain “not less than twenty- 
five (25) percent of non-volatile ether extract, not more than five 
(5) percent of the total ash, not more than five-tenths (0.5) per- 
cent of ash insoluble in hydrochloric acid, and not more than ten 
(10) percent of crude fiber.* Macassar nutmeg, Papua nutmeg, male 
nutmeg or long nutmeg (these, and not the word “nutmeg” alone, 
being the names required when offered for sale) is defined as “the 
dried seed of Myristica argentea, Warb, deprived of its testa.” Not 
more than 20 percent of any whole nutmegs may show mold. 

Nutmeg contains considerable starch, which from a micro-chem- 
ical standpoint immediately distinguishes it from mace, which con- 
tains none. The starch granules under a high-power microscope ap- 
pear as circular grains, quite uniform in size (about 5 to 6 microns 
in diameter), and show a distinct central dot or hilum. 

The most plentiful constituent of nutmeg, however, is the fatty 
oil present to the extent of from 25 to 40 percent. Associated with 
it in the analytical item known as total ether extract is a volatile 
oil with characteristic odor and flavor, soluble in about three times 

* The U. S. P. or drug law standard calls for not over 5 percent total ash and all 
broken or wormy nutmegs to be rejected. 
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its weight of strong alcohol. The specific gravity of volatile nutmeg 
oil ranges from 0.860 to 0.920. 

Under the microscope a ground nutmeg sample shows numerous 
red and deep yellow bits of resinous matter, similar to those appear- 
ing in ground Bombay mace. Therefore, the spice microscopist should 
assure himself of the absence of nutmeg starch granules before de- 
claring a true mace sample to be adulterated with Bombay mace, 
even though the fatty oil content be also suggestive of Bombay 
mace. Nutmeg, as said in connection with the mace standard, is 
frequently used to adulterate ground mace, and a trace of nutmeg 
in mace is almost unavoidable. 

Whether Bombay mace is used to adulterate ground nutmeg, the 
author can not say, although the above microscopical similarity, and 
particularly the similarity in chemical analytical data, would make 
such a practice (to a moderate extent) not easy of certain detection, 
especially as nutmeg gives (similar to all maces) the so-called “Hefei- 
mann test for Bombay mace.” A careful microscopical search for the 
“amylodextrin” granules, characteristic of the maces and not col- 
ored blue with iodine solution, as are the . nutmeg starch granules, 
together with a comparative study of the analytical item known as 
alcohol extract, would perhaps demonstrate such an adulteration. 
An analysis of Bombay mace made by Winton showed 44.27 percent 
alcohol extract (Macassar mace 32.89 percent), while four pure 
nutmeg samples ranged from 10.42 to 17.38 percent alcohol extract. 
The difference in non-volatile ether extract between Bombay or Ma- 
cassar mace and nutmeg, while considerable, would not show a mod- 
erate adulteration with certainty. 

The analytical data in Table 72 show the minimum and maxi- 
mum limits found in four samples of pure nutmeg analyzed by the 
author and eight compiled analyses. 

Table 72. Nutmeg Analyses. 


Percent 

Minimum Maximum 

Moisture 4.19 12 20 

Volatile ether extract 1.73 10.58 

Non-volatile ether extract (fat) 26.62 37.'30 

Alcohol extract 10.42 17.38 

“Protein” (N x 6,25) 5.16 7.00 

Starch (diastase method) 14.02 24 20 

Crude fiber 2!38 5!81 

Total ash (mineral residue) 2.13 4.10 

Ash insoluble in acid 0.00 0.08 
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It will be seen that the Federal standard for nutmeg throughout is 
very liberal. Only an excessive use of lime would bring the total 
ash figure above the legal limit. 

Ground nutmeg is variously adulterated, Macassar nutmeg, cocoa- 
nut shells, cereal products, and even woody fiber, having been re- 
ported in State food inspection analysis. The microscope will fre- 
quently completely demonstrate such impurities. 

Black Peppee 

As defined and standardized in the Federal standards: ^^Black 
pepper is the dried immature berry of Piper nigrum, and ^^con- 
tains not less than six and seventy-five hundredths (6.75) percent of 
non-volatile ether extract, not less than thirty (30) percent of starch, 
not more than seven (7) percent of total ash and not more than one 
and five-tenths (1.5) percent of ash insoluble in hydrochloric acid.” 
Ground black pepper is /'the product made by grinding the entire 
berry, and contains the several parts of the berry in their normal 
proportions.” * 

The pepper plant is a perennial climbing vine, native to Southern 
India, but long and extensively cultivated in Ceylon and the Malay 
Peninsula and adjacent islands, particularly Sumatra and Java. The 
fruit is a small, round berry, growing in a cluster of from twenty to 
thirty in number. To obtain black pepper the berries are picked when 
first beginning to turn red, and are dried in the sun or near a fire, 
which process causes them to turn black and the outer fleshy coating 
to shrivel and harden to a wrinkled cortex or "shell.” 

Sometimes the berries are spread upon the bare ground to dry, 
and from unavoidable adhering dirt, or dirt which is carelessly scooped 
up with the dried berries, may yield an excessive proportion of ash 
or mineral^ matter upon subsequent analysis. Just where to draw the 
line between an allowable and excessive proportion of mineral matter 
in pepper is a much argued subject. The ash insoluble in hydro- 
chloric acid (sometimes reported as "sand”) is abnormally high in 
such dirty peppers, particularly in certain grades of Acheen, or pepper 
from the western extremity of Sumatra. 

Pepper contains considerable starch, as our analyses will show. 
Under the microscope the starch granules (minute polygonal particles, 

* The U. S. P. or drug law standard specifies not over 2 percent stems or other 
foreign matter, not less than 6 percent of non-volatile ether extract, not less than 
25 percent starch, not over 7 percent total ash and not more than 2 percent of ash 
insoluble in hydrochloric acid. 
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averaging 3 microns in diameter) are usually found grouped in large 
coffin-shaped masses. A rather fragrant volatile oil, of terpene con- 
stitution, and an ether and alcohol soluble alkaloid, known as piperin, 
C17H19NO3, present to the extent of about 4 to 7 percent, have 
much to do with the flavor and pungency of pepper. In analysis the 
piperin constitutes the greater part of the non-volatile ether extract 
and accounts for the high nitrogen content of the same. The former 
standard fixed a minimum limit for this nitrogen, viz., 3.25 parts in 
100 parts of non-volatile ether extract. 

Varieties of black pepper are named from the different localities in 
which they grow or are shipped, as Singapore, Acheen, Tellichery, 
Lampong (east end of Sumatra), or sometimes are given a special 
trade name after being prepared by a special process — for example, 
Shot pepper and Mangalore pepper. 

Black pepper in general (excepting possibly Acheen) has the same 
analytical characteristics, irrespective of its source. However, as 
considerable data on the different varieties and grades are at hand, 
we will, in our compilation of analyses, go into detail somewhat. A 
few notes on certain varieties are appropriate first. A variety which 
constitutes a considerable proportion of all the pepper raised is Singa- 
pore pepper. It is generally dried over smoke — frequently the smoke 
from the boiling down of gambier, which gives the pepper a charac- 
teristic smoky smell, often retained by the ground pepper. 

Tellichery, Malabar and Allepey peppers come from India and 
are sun-dried, being of a light-brown color. Lampong pepper (from 
the eastern extremity of Sumatra) is also sun-dried, ununiform in 
size, of light color and frequently dirty. Trang pepper, from Penang, 
is grown in Japan and Sumatra. Shot pepper are the heavy berries 
(usually of Singapore) separated by a column or blast of air and 
oiled to improve appearance. Mangalore are usually large berries, 
of deep black color, very clean and uniform in size, and yielding a 
greenish-black ground pepper. 

The Acheen peppers were formerly known as “West Coast'' and 
as Sumatra pepper. They are now designated, according to gravity, 
as grade or class A, B, C and D, the first weighing 481 grams to 
the liter and the last 356 grams to the liter. They are distinctly of 
lighter weight, containing more or less empty berries, and often 
an excess of dirt, especially the C and D grades. 

The analyses of pure whole peppers shown in Table 73 are prin- 
cipally those made by the Connecticut and Michigan food inspec- 
tion departments in 1898 and 1902. A brief examination of the table 
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will plainly show that, except for the various Acheen peppers, the Fed- 
eral standard limits are liberal, even with respect to the much discussed 
total ash limit. The Acheen peppers, however, particularly the B, C 
and D grades, constitute a special class by themselves. The high ash 
and acid insoluble figures have been explained by the method of drying. 
The very high crude fiber values are doubtless due to the many empty 
berries found in Acheen peppers, while the starch content would de- 
crease proportionately for the same reason. Probably the rather high 
non-volatile ether extracts are explained in the same manner.* 

The fact remains, however, that, excepting the non-volatile ether 
extract limit, it is entirely possible and likely that a sample of Acheen 
pepper, considered pure from the spice trade standpoint, might trans- 
gress the Federal standard for black pepper throughout. That this 
fact should be recognized in the Federal spice standards seems ob- 
vious. 

Probably no spice has been subjected to the variety and extent 
of adulteration as ground black pepper. The list of adulterants is 
unique and endless. Ground nut shells of all kinds (especially cocoa- 
nut shells), ground olive stones, date stones, charcoal, crackers, cay- 
enne, buckwheat middlings and cereal products of all kinds, sand, 
factory sweepings and even coal are some that may be mentioned. 
In earlier days the author found many samples composed of adul- 
terants to the extent of 80 or 90 percent. The microscope usually 
reveals such crude adulterants. 

The most prevalent form of sophistication is the addition of 
pepper shells, the by-product obtained from the manufacture of 
white pepper, which is the mature pepper berry with the shell 
removed. It is possible to mix in quite a large proportion of 
shells without risk of definite detection, under certain conditions, 
but usually the practice is demonstrated by the resulting abnormal 
crude fiber or low starch figure. 

The analytical data on pepper shells shown in Table 74 may 
prove of interest. (See next page.) 

Poppy Seed 


Poppy seed is ofiicially defined (in Item 195 of Service and Regu- 
latory Announcement No. 19) as 'The seed of Papaver somniferum 


author separated out and tested some completely empty Acheen pepper 
2 extract was 10.95 percent, volatile ether extract was 

fiber was 25.75 percent. This would indicate that the despised 
valuable from the flavoring standpoint, due to 
worthless starch. Data reported by Frear showed non-volatile 
of^shell * ^ Piperin to be most plentiful in the second and third (inner) layers 
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Table 74. Pepper Shells (seven samples). 

Percent 

Minimum Maximum 


Moisture 7.00 11.01 

Volatile ether extract 0.68 1.11 

Non-volatile ether extract 1.51 4.97 

Starch (diastase method) 2.30 *15.30 

Crude fiber 21.06 32.15 

Total ash 7.82 *28.81 

Ash insoluble in acid 0.79 *22.90 

Nitrogen in 100 parts of non-volatile ether extract 1.90 3.01 


* Exceptional. 

L. containing not more than 3 percent of harmless foreign material, 
not more than 8 percent total ash and not more than 1.5 percent of 
ash insoluble in hydrochloric acid.^^ It has been found in commerce 
artificially colored to pass as a more expensive variety. S. R. A. Item 
179 forbids more than 0.05 percent of henbane seed. 

Saffron 

Saffron is used mainly as a yellow vegetable color, but is classed 
as a spice. It is defined in the Federal standards (Circular 136) as 
the ''dried stigma of Crocus sativus containing "not more than 
ten percent (10%) of yellow styles and other foreign matter, not 
more than fourteen percent (14%) of volatile matter when dried 
at lOO'^ C., not more than six percent (6%) of total ash, nor more 
than one percent (1%) of ash insoluble in hydrochloric acid.” The 
National Formulary, or drug law standard, is the same except that 
7.5 percent of total ash is tolerated. Very recently the Federal stand- 
ard limit for total ash has been raised to 7.5%. 

Saffron is a very expensive product and it is subject to extensive 
adulteration. Formerly mineral make-weights were extensively 
added (which were easily detected by an ash test), then glycerin 
was used and more recently honey and sugar have been used, which, 
inasmuch as the stigmas of a flower contain frequently considerable 
sugar, constitute a shrewd adulteration. 

In recent years considerable analytical work has been done on 
saffron and the data in Table 75 are characteristic of the pure 
product. (See next page.) 

Fromme* has devised some tests on saffron, including a fer- 
mentation test for fermentable sugars, and claims that there should 
be not over 6 percent fermentable sugars in pure saffron. Possibly 
in the following data there are included in the item "reducing sugar” 

*Apoth, Z., 29, 737-9 (1914). 
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Table 75. 


Moisture (loss at 100° C.) 

Total ash (on dry basis) 

Water soluble (on dry basis) . . 
Reducing sugar (on dry basis) 

Sucrose (on dry basis) 

Ether extract (on dry basis) . . . 
Nitrogen (original material) . . 


Saffron Analyses. 


Minimum 

. 6.3 

. 4.5 

. 51.4 
. 8.5 

. 0.0 
. 0.9 

. 2.2 


-Percent - 

Maximum 

16.4 

8.6 

66.7 

18.8 
3.7 

1.5 

2.5 


Average 

12.5 

6,4 

60.0 

14.1 

1.6 

1.2 

2.3 


other substances which reduce an alkaline copper salt solution, but if 
any appreciable proportion of honey, glucose or sucrose has been 
added as a make-weight there will be found (on the dry basis) 
more than 19 percent of “reducing sugar/’ or more than 3.7 per- 
cent of sucrose (calculated from the increase in “reducing sugar” 
after inversion with acid). In fact, the above average values are 
a liberal enough guide. 

The substitution of parts of other flowers was formerly (and 
is yet) a frequent form of sophistication. Service and Regulatory 
Announcement, No. 26, Item 339, calls attention to the use of the 
flower tops (corolla, stigmas and anthers) of cotton or Scotch thistle 
(Onopordon species), artificially colored with coal tar dyes, and 
safflowers and dyed marigold flowers are also used. The stigmas 
of Crocus vernus, L. (ordinary spring variety) have little odor or 
taste and but little tinctorial power and, as the work of picking 
would be just as great, are not substituted much if any. Other 
vegetable adulterants mentioned are flowers of Arnica montana, 
Scolymus hispanicus, and Punica granatum and, in powdered saffron, 
turmeric and annatto. These are all detected by microscopical ex- 
amination, or by soaking the dried material, when added color is 
lost and natural form restored. 


Sage 

This spice is legally defined as “the dried leaf of Salvia officinalis 
L.” containing “not less than one percent (1%) of volatile ether 
extract, not more than twenty-five percent (25%) crude fiber, not 
more than ten percent (10%) of total aSh, nor more than one per- 
cent (1%) of ash insoluble in hydrochloric acid.” Another official 
requirement is that the stems (excluding petioles) and other harm- 
less foreign matter are not to exceed 12 percent (S. R. A. No. 19). 

American sage averages about 1 percent of essential oil (volatile 
ether extract) while the Dalmatian sage averages nearly 10 per- 
cent. A Service and Regulatory Announcement (No. 23, Item 277) 
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deals with the substitution of so-called Greek and Spanish sage 
for Salvia officinalis L. Greek sage is Salvia triloba L., while Spanish 
sage is Salvia lav andulcB folia Vahl, and it is held that ^^sage/^ with- 
out any qualifications, applies only to material (leaves) obtained 
from Salvia officinalis L. Greek and Spanish sage are required to 
be sold as such. 

Savory 

Savory, or “Summer Savory,” is legally defined as the “dried 
leaf and flowering tops of Satureja hortensis L.” and a tentative re- 
quirement of not more than 15 percent of stems, not more than 12 
percent of total ash, nor more than 1.5 percent of acid-insoluble ash, 
has been fixed in S. R. A. No. 16, Item 162. 

Star Aniseed 

This is the “dried fruit of Illicium verum Hook,” containing “not 
more than 5 percent total ash.” 

Tarragon 

Tarragon, much used in flavoring vinegar (in some localities) , is 
defined in the Federal standards as “the dried leaves and flowering 
tops of Artemisia dracunculus L. 

Thyme 

This somewhat well known spice is defined in the Federal food 
standards as “the dried leaves and flowering tops of Thymus vulgaris 
L.” containing “not more than fourteen percent (14%) total ash, 
nor more than 4 percent of ash insoluble in hydrochloric acid.” 
Another official requirement (S. R. A. No. 14, Item 135) is that the 
stems (including petioles) and foreign matter shall not exceed 15 
percent and the volatile ether extract (“ethereal oil”) shall not be 
less than 1 percent. 

The National Formulary, or drug law standard, defines thyme 
as the “tops of Thymus vulgaris collected when in flower” and con- 
taining “not more than 14 percent total ash.” 

Turmeric or Curcuma 

This spice, much used also as a coloring matter, is legally defined 
as “the dried rhizome or bulbous roots of Curcuma longa L.” It is a 
principal ingredient of curry powder and analyzes as shown in 
Table 76. (See next page.) 
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Table 76. Analyses of Turmeric. 


Pprr'Anf. 

Minimum 

Maximum 

Average 


Moisture 

8.07 

9.08 

8.73 

Starch 

29.56 

40.05 

34.21 

Crude fiber 

4.45 

5.84 

5.37 

“Protein” (N x 6.2S) 

6.06 

10.81 

8.88 

Volatile ether extract 

2.01 

4.42 

3.19 

Non-volatile ether extract 

7.51 

8.84 

7.98 

Alcohol extract 

4.37 

9.22 

6.96 

Total ash 

5.99 

8.52 

7.07 

Water soluble ash 

4.74 

6,14 

5.36 


Turmeric is not subject to adulteration. The coloring matter is 
known as curcumin. 


White Peppee 

As indicated in our remarks upon black pepper and as defined 
in the Federal food standards, white pepper is usually considered as 
the fully ripened berry of black pepper from which the outer shell 
or pericarp has been removed, leaving a grayish-white spherical berry, 
usually a trifle larger than black pepper berries, which, it will be 
remembered, are picked in an immature state. 

Thus the Federal standard for white pepper reads as follows: 
“White pepper is the dried mature berry of Piper nigrum L., from 
which the outer coating or the outer and inner coatings have been re- 
moved and contains not less than seven (7) percent of non-volatile 
ether extract, not less than fifty-two (52) percent of starch, not more 
than three and five-tenths (3.5) percent of total ash, not more than 
three-tenths (0.3) percent of ash insoluble in hydrochloric acid, and 
not more than five (5) percent of crude fiber.” 

According to trade statements, however, not all white pepper is 
made from fully ripened berries. The manufacture of white pepper is 
a distinct and separate business, being frequently carried on at a dis- 
tance from the plantation. The manufacturers buy the pepper in the 
open market, selecting what they consider suitable for their purpose, 
and generally with the understanding that the berries have been al- 
lowed to fully ripen. For example, in the manufacture of Penang white 
pepper the A grade of Acheen black pepper is preferred. The various 
varieties of white pepper correspond generally to the black peppers; 
thus we have Singapore, Tellichery, etc. Analytical data on six differ- 
ent varieties will be found in Table 77, on page 218. 

The shells are removed by friction after soaking the pepper berries 
in water, after which the white pepper berries are often bleached. 
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Penang white pepper berries are often, if not usually, coated with a 
preparation of carbonate of lime. By cutting off from the end of each 
white pepper berry a piece of the outer skin a variety of white pepper, 
known as ^^Coriander,’’ is prepared. Another variety is known as 
^^Decorticated” white pepper, being that from which the seed coats 
have been entirely removed, forming smooth hard kernels. There are 
several grades of this variety depending upon to what extent the 
decorticating process has been carried. Thus we may find it with all 
three coatings removed, or only one or two of them. Ordinary white 
pepper has only the outer shell removed. 

Ground white pepper should not, of course, have any different ana- 
lytical makeup than the whole berry, unless it is allowed to take up 
considerable moisture. The following are the chemical results from 
samples of known purity, mainly those examined in the Connecticut 
and Michigan food inspection laboratories. The significance of most 
of the analytical items is no doubt familiar to most of our readers, by 
this time. 

It will be seen immediately that in Table 77, determined upon 
samples of known purity and by the ojBBcial testing methods called for 
in the Federal food law regulations, there are a number of items which 
decidedly transgress the Federal standard for white pepper. More 
than that, while in two instances (total ash and starch) there were 
only one or two samples, out of the thirty-four reported upon, that 
were off; in the case of the non-volatile ether extract nine were de- 
ficient and in crude fiber five excessive. 

In every case the majority of samples that transgressed one or more 
limits (often several of them) were of the variety known as Penang. 
Penang white pepper, as said above, is usually made from matured 
Acheen A black pepper and by reference to our remarks and data on 
the Acheen peppers under the topic “Black Pepper,” it will be 
readily understood how it is that Penang white pepper so often dis- 
agrees with the Federal white pepper standard. Yet in both the non- 
volatile ether extract and crude fiber certain samples of pure Singapore, 
Siam and even “Decorticated” white pepper transgress the standard. 

Such facts as the above demonstrate decisively that the Federal 
standard for white pepper is in need of further revision, more so than 
the various other spice standards. 

Ground and even whole white pepper is adulterated. Small wild 
peas and other spherical berries have been found in the whole white 
pepper, while cereal products, ground olive stones, ground bleached 
nut shells and ground leguminous products have been found in the 
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ground pepper. One of the first samples condemned in connection with 
the enforcement of the Federal Food and Drugs Act was a sample of 
white pepper evidently ground from whole berries accidentally con- 
taminated with a small number of some species of small wild pea. The 
Federal duplicate with seals intact, analyzed by the author, using the 
official testing methods, was entirely normal and agreed throughout 
with the Federal standard. The microscope, however, plainly showed 
the presence of the small proportion of foreign starch granules resulting 
from the evident contamination of the whole white pepper with peas. 

Long Pepper 

In the Federal spice standards, long pepper is defined as the “dried 
fruit of Piper longum L.” It has been more usually included under 
the genus Chavica, Miq., two species of which, viz., Chavica officina- 
rum and Chavica Roxburghii, constitute the more common forms. The 
latter grows wild along the river banks of India, the fruit appearing 
as cylindrical spikes from two to three cm. long, covered with closely 
packed coalesced berries, the whole being about the same diameter 
as a true pepper berry. 

Similar to true pepper, long pepper contains the alkaloid piperin 
(about one-half as much as the average black pepper), starch, some- 
what less fiber than black pepper, and resin. It has a peculiar and 
disagreeable odor, particularly when warmed, a fact which interferes 
with its use as an adulterant for true pepper. The starch granules 
of long pepper closely resemble those of white pepper under the micro- 
scope, the trifle larger size and greater angularity being only notice- 
able when the two are directly compared. With polarized light a surer 
differentiation is possible, and by spreading out in a thin layer on paper 
the pepper suspected of being adulterated with ground long pepper, and 
tapping from below, the bits of fluffy fiber coming from the central part 
of the catkin separate out and can be easily seen with a magnifying 
glass. 

From its method of growth long pepper fruit often trails on the 
ground, and as the surface of the spikes is rough and indented, it fre- 
quently happens that long pepper contains a considerable proportion 
of dirt, clay, sand, etc., yielding a rather high ash figure upon analysis. 

Table 78 shows the analytical limits obtained in the analysis of 
seven samples of long pepper, the data given being those determined 
by the official analytical methods only, similar to all analyses given 
in this series of articles on the Federal spice standards. 
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Table 78. Analyses of Long Pepper. 

Percent 

Minimum Maximum 


Moisture 8.43 10. 13 

Volatile ether extract 0.79 1.55 

Non-volatile ether extract 5.71 7.53 

Starch (diastase method) 28.43 45.87 

Crude fiber 5.76 10.01 

Total ash 5.93 14.39 

Ash insoluble in acid ^ 0.22 5.92 

Parts nitrogen in 100 parts non-volatile ether extract 3.12 3.56 


The principal differences to be noticed between these analytical 
data and those for black pepper are the tendency towards a lower non- 
volatile ether extract figure (indicating less piperin), a generally 
higher total and acid-insoluble ash (due to extraneous dirt, etc.), and, 
rather strange to say, a noticeably lower crude fiber figure, averaging 
about two-thirds that of black pepper. 

Long pepper is used whole to some extent in pickles and is natu- 
rally not subject to any adulteration, being itself usually considered an 
adulterant only for true pepper. 

Scientific Spice Buying 

Experienced men in the spice trade have pretty definite and well 
founded views as to the relative values of the different varieties of a 
spice, and to a certain extent the value of fresh ground products as 
compared with old. But taking a given variety of a spice, or for that 
matter two varieties not decidedly inferior one to the other, is there 
sufficient appreciation of the exact, scientifically measurable values 
of spices as flavoring substances, for flavoring substances they should 
be, not merely powdered roots, berries and herbs such as a druggist 
deals in? 

No baker, pickier or housewife buys spices as a filling material, for 
starch is much cheaper. Spices are bought, especially by manufac- 
turers of food products, solely for a definite amount of a given flavor, 
supposed to be furnished by the spice in question. Whether a given 
quantity will impart flavor to one hundred pounds of dough or three 
hundred pounds is purely a business proposition, a question of factory 
costs. 

That this is at last being recognized by a number of the largest 
biscuit and pickling concerns is attested to by a number of recent 
trade disputes, coming to the author for referee settlement. At last 
the analytical items known as “volatile ether extract” and “alcohol 
extract,” comprehending the essential oils and resins present in spices, 
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are receiving considerable attention, and several disputes, caused in 
part by careless analytical determinations by inexperienced spice 
chemists, have gone to an unfortunate degree of accusation. 

Such concerns as referred to above are now purchasing all spices 
upon analysis, paying particular attention to the essential oil and resin 
contents. Unground spices vary considerably in their content of flavor- 
ing constituents, and as the essential oils, after liberation from their 
cells by grinding, are volatile, it follows that of two samples of the 
same kind and variety of spice one may have several times the flavor- 
ing power of the other and be worth just so much more. More or less 
exhausted spices can be detected by taste, but the valuation of spices 
as referred to above can only be decided by chemical tests. 

Unfortunately, hitherto the methods, even the official method, of 
estimating the “volatile ether extract’^ (essential oil) of a spice have 
been faulty and the results untrustworthy. The ofificial method consists 
of extracting the finely-ground spice with absolute ether, allowing the 
ether solution to evaporate spontaneously (during which operation 
much water may be absorbed by the extract) and then drying in a 
closed dish over oil of vitriol for eighteen hours. The so-called “total 
ether extract” is thus obtained, and after heating this for a number of 
hours in an oven at certain temperatures the “non-volatile ether ex- 
tract” remains. The difference between the “total ether extract” and 
the “non-volatile ether extract” is taken as the measure of the “vol- 
atile ether extract” or essential oil. 

This method is quite faulty and seldom gives concordant results. 
By noticing the darkening of the oil of vitriol, especially the top layer, 
it becomes evident that more or less of the volatile essential oil has 
been absorbed and therefore lost, possibly carried along by the water 
vapor which has been attracted and absorbed during the slow evapora- 
ti6n of the ether, and is later attracted to and absorbed by the oil of 
vitriol. Also, of course, more or less loss of volatile oil occurs during 
the slow spontaneous evaporation of the ether itself. 

Hortvet and West [Journal of Industrial and Engineering Chemis-‘ 
try^ February, 1909), in their study of methods for estimating essen- 
tial oils in flavoring extracts, have shown that an ethereal solution of 
an essential oil can be rapidly evaporated over a hot-water bath, with 
practically no‘ loss of the oil and with complete removal of the ether 
and traces of alcohol vapor. For fifteen years, therefore, the author 
has been modifying the official method described above by quickly dis- 
tilling off the ether, cooling the “total ether extract” in a desiccator for 
a few moments and immediately weighing. Then the volatile oil is 
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driven off in the oven as usual, the ^^non-volatile ether extract” weighed 
and the “volatile ether extract” obtained by. difference. 

The author has not had the time to make the desirable number of 
exact comparisons of the two methods that he would like to present as 
data and proofs, but he is very well satisfied that a much truer and 
higher valuation of the essential oil content of a spice is thus possible, 
which in the case of analyses using but a couple of grams of sample 
(and therefore subject to a big multiplication of errors) has amounted 
to several percents (on fresh ground mace, for instance), and has 
straightened out serious trade disputes. 

If reliable determinations of essential oils in spices are therefore 
possible, it stands to reason that the valuation of spices on such a basis 
(or on the basis of “alcohol extract” in some spices, ginger, for in- 
stance) must be considered by the big buyers, who are purchasing 
simply for flavoring value. 

Practically all published analyses of spices are of products which 
have been ground for some time. It would be of interest to secure data 
obtained, say, by the author's modification of the official method, on 
the essential oil content of spices at the moment of grinding. Such data 
would possibly form a basis whereby the length of time since grinding 
could be approximately judged on ground spices as sold in stores. It 
is hardly legitimate that spices so old as to have lost nearly all 
flavoring value should be sold, any more than spices exhausted by 
extraction of essential oil. 

In some recent trade disputes there was a complaint that the mois- 
ture (water) content of the shipment was too high. This was found 
to be due to the use of the analytical method, giving too low a value 
for the “volatile ether extract,” as it is customary to simply dry the 
sample in an oven at the temperature of boiling water and subtract 
the percent of “volatile ether extract” to get the percent of “moisture.” 
The use of the author’s method showed that not only was the moisture 
content normal, but that the shipment was extra good as concerns 
essential oil content. 

The “volatile ether extract” content of mace has been considerably 
understated in published analyses, due to the above and possibly an- 
other cause. To drive off in an oven all the volatile ether extract of 
certain maces requires several days, and many times probably a low 
volatile and correspondingly unfairly high non-volatile ether extract 
(suggesting Bombay mace) has been thus reported. Recent cases in 
the author’s practice involved differences of four and five percent. 
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causing pure samples to violate the 30 percent limit of the Federal 
standard for mace. 

If better methods were in official use there is good cause for raising 
the volatile ether extract limit for cloves in the Federal standard, 
thereby restricting the occasional use of a certain added proportion 
of cloves exhausted of their clove oil. 



Chapter VIIL 

The Legal Chemistry of Maple Products. 

The three principal maple products of commercial value are maple 
sap syrup, maple sugar or maple concrete, and maple sugar syrup. 
Under the common term ‘'maple syrup'^ can be sold and is sold either 
maple sap syrup, maple sugar syrup or a mixture of the two. 

Maple sap syrup was formerly the commonest form of “maple 
syrup” and represented the product obtained by boiling down (evapo- 
rating) maple sap to a desirable consistency, i.e., to that point where 
a cold gallon (231 cubic inches) weighed 11 pounds. The sap itself 
is obtained by boring a shallow hole (1 to 3 inches deep) three-eighths 
to one-half inch in diameter, into certain varieties of the maple tree 
(especially Acer saccharum and Acer saccharum nigrum)^ during late 
winter and early spring, so as to get the first flow of sap. Sap collected 
later, while the buds are opening, has an inferior flavor, due to 
fermentation by microorganisms and is described as “buddy.” The 
sap is collected through a small inserted spout emptying into a pail 
hung beneath and is then carried to the evaporating camp or factory 
nearby. The hole must be kept clean by reaming out once or twice 
during the season, and the spouts and pails must be frequently cleaned, 
otherwise microorganisms collect, which, infecting the originally sterile 
sap, will cause color changes and a “souring” of the sap and later 
development of “off” flavors, including the “buddy” flavor. 

The Vermont Experiment Station has carried on many investiga- 
tions of the process and the products. Unpublished data determined 
by Dr. C. H. Jones of the Station shows the sap to have the com- 
position shown in Table 79. 

Table 79. Analyses of Maple Sap (10 samples). 


Total solids 

Sucrose (sugar) 

Ash (residue after incineration) 

Undetermined (malic acid, protein, etc.) . 

224 


Percent 


Minimum Maximum Average 
228 6.16 4.34 

2.14 5.53 3.94 

0.035 0.103 0.062 

0.09 0.65 0.34 
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Sap obtaiiiGd with prGcautions showGd from 0 to 500 microorgaii" 
isms per cubic centimeter; sap as ordinarily collected from 140 to 
1,000,000;' “sour” sap from 1,300,000 to 87,750,000, due to infection 
by foul spouts and dirty pails. 

As stated above the original form of “maple syrup” was the maple 
sap syrup. Inasmuch as the evaporation of the sap to a thin syrupy 
consistency will drive off less of the volatile flavoring constituents 
than will evaporation to a solid sugar, we find that the sap syrups 
have a finer and more delicate flavor than the “maple syrup” made by 
dissolving maple sugar or concrete in water. The latter is a legal 
product under the title ‘ maple syrup,” but will analyze differently 
because of the precipitation of malic acid salts and other substances 
during the longer evaporation of the sap to syrup of sugar density and 
also because of filtering and other clarifying operations upon the 
redissolved sugar or concrete. It should be labeled as “maple sugar 
syrup” to distinguish it from the maple sap syrup. 

It is somewhat interesting that maple sap contains the same acid 
(malic) as is found in the apple and several other fruits. The precipi- 
tated matter found in the bottom of the kettle or pan, after the 
heavy syrup is drawn off for sale as commercial maple syrup, is known 
as “niter” and is mainly a calcium malate mixed with sucrose and 
reducing sugars. Table 80 is interesting as showing how concentration 
of the thin syrup to a heavy syrup lowers (by precipitation) the con- 
tent of malic acid and mineral matter as represented by the total 
ash and the insoluble ash. 


Table 80. Effect of Concentration on Maple Sap Syrup* (Jones). 



Malic Add 

Total 

— Percent- 
Soluble 

Insoluble 


Value 

Ash 

Ash 

Ash 

Average of 84 syrups (over 34% water) . . 

.. 1.00 

1.02 

0.45 

0.57 

‘‘ 42 “ (30 to 34% water) . . 

. . 0.71 

0.80 

0.48 

0.32 

“ “ 25 “ (under 30% water) . 

. . 0.66 

0.77 

0.49 

0.28 


* Calculated to a water-free basis. 


The lowest values reached were 0.59 for total ash, 0.29 for soluble 
ash, 0.20 for insoluble ash and 0.44 for malic acid value. Some of these 
were obviously abnormal products and others, by diluting, warming, 
settling, decanting and then concentrating to standard consistency, 
were restored to a more normal analytical make-up, indicating that 
this procedure is desirable when analyzing a sap syrup of less than 
32% water content. 

From the above it will be readily seen how a “maple syrup” made 
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by dissolving maple sugar shows much less malic acid, total ash and 
insoluble ash than does a maple sap syrup concentrated to the maxi- 
mum water content of 35 percent allowed in the Federal standard. 
This newer product, i.e., 'hnaple sugar syrup,” is now largely super- 
seding the maple sap syrup, commercially, due to the saving in freight 
charges for a nearly water-free sugar as compared with a syrup con- 
taining 35 percent of water. Practically all the ^'compound” maple 
syrups, so largely sold in city stores, are mixtures of cane sugar (rock 
candy) syrup and ''maple sugar syrup” and the official analyst is 
frequently called upon to judge the percent of maple product present, 
from a study of the ash, malic acid and "lead number” values. The 
"lead number” is a measure of the amount of basic lead acetate used 
in precipitating various substances from maple sugar solutions (in- 
cluding maple sap syrup) that are thus precipitated. It has become 
an important index in the analysis of maple products (also in vanilla 
extracts), as the commonest adulterants of both maple and vanilla 
bean products yield no "lead number.” There are two methods of 
estimating and reporting the "lead number,” viz.: the "Winton” 
(A.O.A.C.) and the "Canadian.” The same conditions, during con- 
centration of the sap to sugar density, that reduce the malic acid 
and ash values also reduce the "lead number,” and unless the analyst 
knows that he is dealing with a product containing sap syrup he 
should not judge by the data given in Table 81 for maple sap syrups. 
For sap syrups, as they vary (slightly) in different localities, the 
reader should consult Bulletin 134 of the U. S. Bureau of Chemistry, 
from which most of the general data given in the table is compiled. 

Table 81. Analyses of Maple Sap Syrups (481 samples). 


Ppmonf, 

Minimum 

Maximum 

AviTai/e 


Moisture (water and volatile esters) 

. 24.85 

48.14 

34.22 

Sucrose (Clerget method) 

. 47.20 

70.46 

62.57 

Invert sugar (copper reduction method) . 

0.00 

11.01 

1.47 

Total ash (residue from mineral salts) . . . 

0.45 

1.06 

0.66 

Undetermined (malic acid, tannin, etc.) . . 

0.00 

4.51 

1.08 

Direct polarization (normal weight) 

.. +42.10° V. 

-h69.00“V. 

+60.64°V, 

Invert polarization (at 20“ C.) 

. . — 17.00°V. 

— 24.97“V. 

— 22.34°V. 

" " (at 87“ C.) 

.. + 0.60°V. 

— 2.40“V. 

0.00°V. 


The invert sugar results from the action of malic acid (and traces 
of other acids) upon sucrose during the concentration of the sap and 
storage of the syrup, as the sap itself seldom if ever contains any. 
That this change continues during storage is evidenced by the analysis 
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(by the author) of a maple syrup which had stood in a warm labora- 
tory for 15 years and which showed nearly half of the sucrose to be 
inverted into invert sugar. Fermentation also will result in the forma- 
tion of invert sugar. 

The invert polarization at 87^ C. is for the purpose of detecting 
any commercial glucose (starch syrup or starch sugar), as at 87° C. 
the invert sugar is optically inactive and the strong dextrorotatory 
power of the dextrin of commercial glucose manifests itself. Only 
two of the 481 samples of pure maple sap syrups represented above 
showed a dextrorotatory reading (very slight) at 87° C., due to 
natural causes. 

The sap syrup will show little or none of the protein which is 
present in the sap itself, as this, together with traces of other organic 
material, is coagulated during the evaporation and is skimmed off. 

The data on the ash, malic acid value and lead number are usually 
calculated to a uniform moisture-free basis for all maple products. 
In Table 82 these data are given for the 481 pure maple sap syrups 
reported above; 


Table 82. Ash, Lead Number and Malic Acid Determinations on Maple Sap 

Syrups (481 samples). 

(Calculated to a moisture-free basis.) 


— 


— Percent — 


Minimum 

Maximum 

Average 

Total ash (residue from mineral salts) 

0.68 

1.68 

1.00 

Soluble ash 

0.35 

1.23 

0.63 

Insoluble ash 

0.23 

1.01 

0.37 

Ratio insol. ash to soluble ash 

0.53 

3.86 

1.70 

Alkalinity of soluble ash 




(cc. N/10 acid per 100 gr.) 41.0 cc. 

122.0 cc. 

75.0 cc. 

Alkalinity of insoluble ash 




(cc. N/10 acid per 100 gr.) 41.0 cc. 

208.0 cc. 

97.0 cc. 

Ratio insol. ash alkalinity to soluble ash alkalinity 

0.21 

1.83 

0.77 

Winton lead number (A.O.A.C. method) 

1.76 

4.41 

2.70 

Canadian lead number (on 454 Canadian syrups) 

1.51 

5.66 

3.12 

Malic acid value (Cowle’s method) 

0.21 

1.82 

1.01 


Presumably some of the Canadian syrups were maple sugar syrups 
in which material precipitated by lead subacetate had been lost in 
the evaporation to form maple sugar or concrete or in • filtrations of 
the redissolved sugar. The sugar would be mixed more or less with 
precipitated salts, etc., and although analyzing legal for Canadian 
maple sugar, a filtered solution of it would show decidedly less of said 
salts. Therefore it is probable that the minimum for Canadian lead 
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number on a maple sap syrup would be above 2 on the moisture-free 
basis. 

In Table 79 at the beginning of this chapter are given the range of 
composition and average values for ten samples of pure maple sap. 
The average values calculated to a moisture-free basis, as above, 
are given below, by courtesy of Dr. C. H. Jones: 

Percent 


Sucrose 90.78 

Total ash 1.42 

Undetermined matter 7.80 


Comparing the above total ash with the average for maple sap 
syrups, i.e., 1.00 percent on a moisture-free basis, it will be seen that 
during the evaporation necessary to get a thin syrup there is a con- 
siderable loss of mineral salts (mainly calcium malate) by precipita- 
tion. As the evaporation continues the loss is increased somewhat 
(maple sugars average 0.95 percent total ash on a moisture-free basis), 
but the greater part of the loss is during the earlier stages of evapora- 
tion. 

In the above analyses of maple sap syrup, the average value for 
^'undetermined matter” is 1.08 percent. The maple sap data gave an 
average value (0.34 percent) which figured out to a maple sap syrup 
of legal density shows 5.07' percent as the amount to be expected in the 
syrup. That this is not attained is due to the fact most of it coagulates 
during evaporation and is removed by skimming. 

In the manufacture of maple sugar, it is the practice, except when 
making fancy cake sugar, to incorporate the skimmings and settlings 
(precipitated "niter”), and samples have been found with a total 
ash value of 3.0 percent! For proper analysis the sugar should first 
be redissolved and filtered free from coagulated and precipitated 
matter. 

There are various commercial grades of maple sugar, such as 
"hard” sugar, "soft” sugar, "stirred” or "grained” sugar, "cake” sugar 
and "tub” sugar. "Hard” sugar is difficult to break when in cake 
form; "soft” sugar is that which in cake form is easily broken. 
"Stirred” or "grain” sugar is stirred during cooling and crystallization 
and resembles commercial brown sugar. "Tub” sugar is a soft sugar, 
often in a "mushy” condition, in which more or less mother liquor has 
drained off to the bottom of the tub or other container. 

"Hard” sugar contains less moisture than "soft” sugar due to 
longer boiling. The data in Table 83 show how the moisture content 
varies in different grades of maple sugar. 
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Table 83. Moisture Content of Maple Sugars (Bryan). 

Percent 


Very dry '%rain” sugar 0.65 

Medium dry “grain’^ sugar 3.84 to 8.42 

Soft “grain” sugar 11.00 

Very hard “cake” sugar 1.43 

Hard “cake” sugars 2.10 to 8.18 

Medium hard “cake” sugars 5.53 to 9.67 

Soft “cake” sugars 9.64 to 11.20 


As low as 0.06 percent and as high as 15.67 percent moisture have 
been reported in maple sugars, but the average sugar has less than 
8 percent moisture. 

The Federal standard for maple sugar or maple concrete does not 
fix any analytical limits, merely defining it as “the solid product re- 
sulting from the evaporation of maple sap or maple syrup.” Maple 
syrup is defined as “syrup made by the evaporation of maple sap or 
by the solution of maple concrete, which contains not more than 
thirty-five percent (35%) of water and weighs not less than eleven 
(11) pounds to the gallon (231 cu. in.).” 

In Bulletin 466 of the U. S. Department of Agriculture are reported 
analyses of 363 samples of maple sugar made in eleven different states 
and seven Canadian districts. For variations in different localities 
the above bulletin should be consulted. Below are given the data on 
all of the 363 samples, calculated to a moisture-free basis: 


Table 84. Analyses of Maple Sugars (363 samples).* 
(Calculated to a moisture-free basis.) 


Sucrose (Clerget method) 

Invert sugar (copper reduction method) 

Undetermined (malic acid, gums, protein, etc.) 

Total ash (residue from mineral salts) 

Soluble ash 

Insoluble ash 

Ratio insol. ash to soluble ash 

Alkalinity of soluble ash 

(cc. N/10 acid per 100 gr.) 
Alkalinity of insoluble ash 

(cc. N/10 acid per 100 gr.) 
Ratio insol. ash alkalinity to soluble ash 

alkalinity 

Winton lead number (A.O.A.C. method) 

Malic acid value (Cowleys method) 


Minimum 

57.04 

0.00 

0.00 

0.76 

0.30 

0.21 

0.43 

42.0 cc. 

31.0 cc. 

0.37 

1.85 

0.51 


-Percent - 
Maximum 

98.62 

35.26 

8.18 

1.70 

1.14 

1.00 


4.07 

140.0 cc. 

190.0 cc. 

2.29 

4.95 

1.72 


Average 

90.69 

6.19 

2.14 

0.95 

0.60 

0.35 

1.69 

75.0 cc. 

87.0 cc. 

0.86 

2.76 

0.93 


* XJ, S, Dept. Agriculture Bull. 466, 
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The data on ^^undetermined’^ average about one-fourth the average 
for maple sap, calculated to a moisture-free basis. This is due to 
the sugar having been dissolved and filtered before analysis. For the 
same reason the average ash content (i.e., 0.95 percent) is consider- 
ably less than that of maple sap calculated to a moisture-free basis. 

The composition of the ash of maple sap and maple syrup is of 
interest, and the following recalculated data, reported in Bulletin 134 
of the U. S. Bureau of Chemistry, give the range of constituents, to- 
gether with certain characteristic ratios: 


Table 85. Average Composition of Ash of Maple Sap and Maple Syrup.* 


Potassium (K 2 O) 

Sodium (Na20) 

Calcium (CaO) 

Magnesium (MgO) 

Iron (Fe20a) 

Phosphoric acid (P2O5) 
Sulfates (SO3) 


■Percent 


Maple ^aps 

Maple 

(100) 

(7) 

. 40.32 

38.07 

. 2.09 


. 30.81 

21.88 

. 9.09 

.... 

. 1.34 

« # • 

. 9.68 

5.39 


1.59 


ICO/CaO X 100 

PaOs/CaO X 100 

SO^/CaO X 100 

SO 3 /K 2 O X 100 

* U. S. Bur. Chem. Bull. 134. 


151.6 174.0 

33.7 24.0 

7.0 

4.0 


It is of interest to note that the principal change from sap to 
syrup is a loss of calcium and phosphoric acid. As stated above, 
the precipitated ''niter, found in the bottom of the kettle or pan 
used for concentrating sap to syrup, is mainly calcium malate. More 
complete analysis might probably show some calcium phosphate also, 
or it may be that the coagulated "skimmings” contain an appreciable 
proportion of phosphorus. 

A very large proportion of the maple sugar manufactured is used 
in the preparation of maple sugar syrup, which, as stated before, is 
legally allowed to be sold as "maple syrup'^ and which is used also in 
large quantities for flavoring cane sugar (rock candy) syrups for the 
cheaper trade. Determination of the proportion of maple sugar or 
maple sugar syrup in the latter mixtures requires careful analytical 
work and a knowledge of how the maple sugar syrup is affected by 
redissolving the sug'ar or concrete and clarifying and filtering from 
suspended matter. 

In Bulletin 466 of the Bureau of Chemistry (page 38) are given 
some data on maple sap syrups and also on the maple sugar syrups 
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made by boiling down these sap syrups to a solid sugar, redissolving 
to standard consistency and filtering. Table 86, with results calculated 
to a moisture-free basis, shows a distinct reduction in total ash, in- 
soluble ash, Winton lead number and Cowle’s malic acid value, to 
have taken place. 

Table 86. Changes from Maple Sap Syrup to Maple Sugar Syrup.* 
(Moisture-free basis) 


-Percent- 


Sucrose 

Average of 

10 Sap Syrups 

95 12 

Sugar Syrups 
from Same 

93.95 

2.56 

0.81 

0.24 

Invert sugar 

1 48 

Total ash 

0 87 

Insoluble ash : 

0.31 

Winton lead number 

Malic acid value 

2.39 

0.86 

2.11 

0.65 


♦ U. S. Bur. Chem. Bull. 466. 


These results show that a further precipitation of calcium malate 
occurs during the boiling down to form maple sugar and that one 
can not judge maple sugar syrups by maple sap syrup data. Moreover, 
the grade of maple sugar prepared for the maple sugar syrup trade is 
very inferior to the maple sugar prepared as above or sold as a con- 
fection. Little care is taken in its manufacture in the woods and 
much of it is very dark colored, sticky and strong in flavor. Con- 
siderable treatment with filtering aids (kieselguhr, etc.) is necessary 
for clarifying it after redissolving. Some recent data by Lancaster 
of the Canadian Department of Health show distinctly less total ash 
and lead number values, after full manufacturing treatment, than in 
the original sugar solution before adding kieselguhr and filtering. In 
three experimental batches the total ash showed an average decrease 
of 0.19 percent and the Canadian lead number an average decrease 
of 0.28 (maximum decrease was 0.42) , when all results were calculated 
to a moisture-free basis. The author called attention to these points 
in a Federal food inspection case many years ago, where a ^^compound” 
syrup, known to contain 25 percent of maple sugar syrup was alleged 
to contain less than 10 percent. The prosecution was dropped, as the 
data on the sample had been judged by data on maple sap syrups, by 
the Government experts. Many more data on maple sugar syrups 
(calculated to a moisture-free basis), than we have, are desirable. 

As to the adulteration of maple products, by far the commonest 
adulterant is ordinary refined cane or beet sugar. This, having little 
or no ash, no malic acid value and practically no lead number, acts 
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merely as a diluent to reduce those items in maple products. Some- 
what shrewder is the use of various grades of raw, brown and Mus- 
covado sugar, the latter being mainly detectable by the fact that its 
ash is higher in sulfates and phosphates and lower in calcium than 
the ash of maple products. The data in Table 87 are of value for 
analytical comparisons. 


Table 87. Ash Data on Adulterants of Maple Products. 


Percent 

Total Sohible Insol. 

Ash Ash Ash 


Alkatinit]/ A IhaltnUy 
of Si'oluhle of Insol, Ratio Insot. 
Ash (oo. Ash {ca. Ash to 
N/10 Acid) N/10 Add) BoL Ash 


Brown sugars. . . 0.51 to 4.33 0.44 to 2.74 0.06 to 1.59 15. to 76. 15. to 234. 1.7 to 16.7 

Paw cane sugars 0.32 to 0.59 0.10 to 0.41 0.18 to 0.23 18. to 36. 42. to 52. 0.5 to 2.3 

Beet sugars 0.33 to 0.86 0.31 to 0.78 0.02 to 0.08 38. to 40. 2. to 28. 9.8 to 15.5 

Muscovado 1.30 to 1.33 1.18 0.12 11. 3. 7,7 


The Winton lead number of the Muscovado sugars averaged 2.10 
and the malic acid value 1.21. 

The analytical limits which have been proposed for judging the 
purity of all maple products are: On a moisture-free basis, Total ash 
not less than 0.77 percent. Insoluble ash not less than 0.23 percent, 
Winton lead number not less than 1.85 and Malic acid value not less 
than 0.60. 



Appendix A. 

Amended Standards and Definitions for Fruit and Fruit Products 

As a guidance for officials of the department in enforcing the 
Federal Food and Drugs Act the Secretary of Agriculture, upon the 
recommendation of the Food Standards Committee, has adopted 
revised and amended standards and definitions for fruit and certain 
fruit products. The Food Standards Committee is composed of repre- 
sentatives of the Association of American Dairy, Food and Drug Offi- 
cials, of the Association of Official Agricultural Chemists and of the 
United States Department of Agriculture. 

The complete text of the revised definitions and standards follows : 

1. FRUIT is the clean, sound, edible, fleshy fructification of a plant 
and is characterized by its sweet, acid, and/or ethereal flavor. 

2. FRESH FRUIT is fruit which has undergone no material change 
other than ripening since the time of gathering. 

3. DRIED FRUIT is the clean, sound product resulting from the 
evaporation of the greater portion of the water from properly prepared 
fresh fruit. 

a. The term “sundried” is commonly used to designate the prod- 
uct dried without the use of artificial heat. 

b. The terms “evaporated’' and “dehydrated” are commonly used 
to designate the product dried by the use of artificial heat. 

4. “COLD-PACK” FRUIT is the clean, sound product obtained by 
packing, in a suitable container, properly prepared fresh fruit, with 
or without the addition of sugar (sucrose), and maintaining it at a tem- 
perature sufficiently low to insure its preservation. 

5. CANNED FRUIT is the clean, sound product made from prop- 
erly prepared fresh fruit, with or without water and/or sugar (sucrose) 

a. by processing in a suitable, hermetically sealed container, or 

b. by heating and packing in a. suitable container which is then 
hermetically sealed. 

6. PRESERVE, FRUIT PRESERVE, JAM, FRUIT JAM, is the 
clean, sound product made by cooking to a suitable consistency prop- 
erly prepared fresh fruit, “cold-pack” fruit, canned fruit, or a mixture 
of two or of all of these, with sugar (sucrose) or with sugar and water. 
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In its preparation not less than forty-five (45) pounds of fruit are used 
to each fifty-five (55) pounds of sugar (sucrose). 

A product in which the fruit is whole or in relatively large pieces is 
customarily designated a “preserve” rather than a “jam.” 

7. GLUCOSE FRUIT PRESERVE, CORN SYRUP FRUIT PRE- 
SERVE, GLUCOSE FRUIT JAM, CORN SYRUP FRUIT JAM, is 
the clean, sound product made by cooking to a suitable consistency 
properly prepared fresh fruit, “cold-pack” fruit, canned fruit, or a 
mixture of two or of all of these, with glucose, or corn syrup. In its 
preparation not less than forty-five (45) pounds of fruit arc used to 
each fifty-five (55) pounds of glucose, or corn syrup. 

8. FRUIT BUTTER is the sound product made from fruit juice 
and clean, sound, properly matured and prepared fruit, evaporated to 
a semi-solid mass of homogeneous consistency, with or without the ad- 
dition of sugar and spices or vinegar, and conforms in name to the fruit 
used in its preparation. 

9. GLUCOSE FRUIT BUTTER, CORN SYRUP FRUIT BUT- 
TER, is a fruit butter in which glucose, or corn syrup, is used in place 
of sugar (sucrose). 

10. JELLY, FRUIT JELLY, is the clean, sound, semi-solid, ge- 
latinous product made by concentrating to a suitable consistency the 
strained juice, or the strained water-extract, from fresh fruit, from 
“cold-pack” fruit, from canned fruit, or from a mixture of two or of 
all of these, with sugar (sucrose). 

11. GLUCOSE FRUIT JELLY, CORN SYRUP FRUIT JELLY, 
is the clean, sound, semi-solid, gelatinous product made by concentrat- 
ing to a suitable consistency the strained juice, or the strained water- 
extract, from fresh fruit, from “cold-pack” fruit, from canned fruit, 
or from a mixture of two or of all of these with glucose, or corn syrup. 

12. CITRUS FRUIT MARMALADE is the clean, sound, jelly- 
like product made from the properly prepared juice and peel, with or 
without the pulp, of fresh citrus fruit, of canned citrus fruit, or of a 
mixture of these, by cooking with water and sugar (sucrose). It con- 
tains, embedded in the mass, pieces of the fruit peel, with or without 
portions of the pulp of the fruit. 



Appendix B, 

How Carbonated Fruit Beverages Are Made * 

By John H. Irish 

Associate in Fruit Products, University of California 

It is said that the training of a child should begin with his grand- 
father. For a first class fruit product, it is necessary to have fruit of 
good quality from which to produce it. The better the quality of the 
fruit the better will be the product made from it. This may not be 
evident in the finished product without a standard for comparison but 
I think we will all agree that a large, ripe, perfect fruit tastes better 
than a small, gnarly fruit of the same variety. Cultural methods and 
climatic conditions are factors which almost entirely control the quality 
of fruit. 

Fruit which has been irrigated excessively late in the ripening period 
will be large and have juice with low sugar content and poorer flavor 
than fruit which has ripened with a less abundant supply of water. 
Fruit ripened where the water supply is very limited will be small 
with a high sugar content and rich flavor. Frost bitten fruit deteri- 
orates rapidly and yields juice of inferior quality. 

The question which naturally arises is ^^What is normal fruit of any 
given variety and what conditions are necessary for the best develop- 
ment of that fruit?” 

Considerable work has been done on standardization of fruits so 
that with many of our fruits definite standards have been adopted 
by which, the grade of any variety of fruit grown in a certain locality 
may be determined by comparison with this standard. Cultural 
methods which will produce fruit nearest to this standard should be 
adopted. 

It is the desire of every fruit grower to produce perfect fruit only. 
In spite of all precaution which might be taken in cultural methods 
there will be some undergrade fruit. By undergrade, we mean slightly 
blemished, undersized, oversized or malformed though sound, fruit. 
Unsound fruit should never be used because it is impossible to obtain 

* Reprinted from The Fruit products Journal and American Vinegar Industry, Nov., 
1924. 
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a good product from bad fruit. Decayed or wormy fruit should never 
be used. 

Sorting 

Means for proper sorting and inspection should be provided. Where 
fruit is delivered to the plant and used immediately this can be 
done in the field or orchard as a part of the regular grading opera- 
tions. If fruit is to be stored and held for some time before using, 
an additional sorting will be necessary for the removal of fruit spoiled 
during storage. 

Washing 

The importance of washing cannot be overemphasized. Besides 
the desire and necessity for a clean product, there is the facilitating 
of subsequent operations of filtration, clarification and preservation, 
all of which are accomplished more easily and more perfectly by 
having clean fruit. If fruit has been grown under especially fa- 
vorable conditions away from dusty roads, free from smut, mildew, 
mold and other contamination and has been kept clean, , washing 
may be dispensed with. Such conditions, however, are very rare. 

Fruit of a hardy nature such as apples, citrus fruits, pome- 
granates, etc., which permit of rough handling may be washed by 
the washer in common use in the citrus packing houses for washing 
oranges and lemons. 

The more perishable fruits such as grapes, berries, and cherries 
which will not stand such rough treatment should be washed by a 
machine with a spray system similar to that commonly used to 
wash tomatoes. 

Berries and grapes grown by the dusty roadsides are very apt 
to be sandy and muddy or dusty. This dirt adheres to the rough 
surface and is diflScult to remove except by washing. 

For handling fruits on a small scale at home washing may be 
accomplished by using tubs and screen trays, both of which are easily 
available. 

The operation of crushing varies greatly with the nature of the 
fruit and is accomplished for the purpose of releasing the juice more 
readily from the cells or juice sacs. 

^ For the extraction of apple juice crushing is a very important oper- 
ation. The machine commonly used for this purpose is called the 
apple grater or crusher. This machine varies in size from the small 
hand power size for home use or the orchard size for community 
use which may be operated by hand lever or by machine power, 
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to the large comniercial size with a capacity of ten to thirty tons 
a day. 

For the most efficient extraction of apple juice the fruit should 
be crushed to pieces i/g to % inch thick. The size of pieces can be 
regulatefi by adjustment of the rolls. 

This grater or crusher consists of a steel cylinder from 6 to 8 
inches in diameter on the surface of which is set a row of knives 
extending the full length of the cylinder. Parallel with the cylinder 
is a set of upright knives or a fluted steel plate towards which the 
cylinder revolves. The fruit in passing between these knives and 
cylinder is shredded or grated. 

The apple grater may be adjusted to use in crushing grapes 
also. For crushing grapes and other soft fruits the roller crusher 
is in common use. In a modified form it is also used for crush- 
ing citrus fruits. It consists qf two fluted cylinders which revolve 
towards each other. They are placed in the same plane in a hori- 
zontal position above which is a hopper. The fruit passes down- 
ward between the rolls and is crushed' by pressure. When used 
for crushing grapes it may be attached to a stemmer by which 
the stems are removed from crushed grapes. 

Repressing 

In the production of apple juice repressing is a very important 
step in the process. A 50 percent increase in yield is often obtained 
by this operation. 

The pomace obtained by the flrst pressing is macerated by 
means of the pomace picker which grinds it to a meal-like consistency 
and is pressed again. The juice obtained by this second pressing 
has a darker color, a higher sugar content and more astringency 
than that from the first pressing. This is especially good for vinegar 
manufacture because of the high sugar content. It may be used also 
for blending with juice from the first pressing. 

The increase in yield by use of the pomace picker and repressing 
will in a very short time pay for the machine and the extra expense 
of this operation. The continuous crusher and press type is especially 
suitable for crushing berries and cherries. 

The pomegranate which is developing into an important juice 
fruit requires little or no crushing. Any operation which macerates 
the peel to extract an excess of the tannin is undesirable. Citrus 
fruits may be crushed by means of the roller crusher, where there 
is no objection to the extraction of the oil from the peel with the 
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juice. This oil may be separated from the juice subsequently by 
means of the cream separator. 

Citrus fruit juice is commonly extracted by means of a conical 
spindle extractor in which case no crushing is required. For citrus 
fruits and other fruits with juices of similar character, pomegranates, 
all equipment with which the juice 'Comes in contact should be 
made of non-corrodable metal such as silver, blocktin, monel metal, 
bronze or glass. 

Juices coming in contact with iron, zinc, lead and other corrod- 
able metals are impaired in color and flavor and may be injurious 
to the health. 

Heating 

The main purposes of heating are to extract color, to increase 
yield and to facilitate filtration and clarification. The coloi element 
of many fruits is located in the skin. In order to liberate this 
color it is necessary to heat the fruit. Red grapes, berries and 
cherries are in this class. Apples, white grapes and other fruits, 
from which the juice is desired for flavor, are not heated before 
pressing. 

It has been found that heating the crushed fruit to 160° F. is 
sufficient to liberate the color. Heating weakens the cell walls, caus- 
ing a more complete release of the juice, thus giving a higher yield. 
Heating has a tendency to destroy the fresh flavor of tlie aromatic 
fruits such as the citrus, muscat and other flavor grapes. Heating 
coagulates the protein in fruit juices and facilitates filtration and 
renders permanent clarification possible. 

If this heating is to a temperature equal to or greater than 
that of the final pasteurization temperature a permanently clear 
juice may be obtained. The coagulated protein is removed by filtra- 
tion. If the final pasteurization temperature is higher a further 
coagulation of protein occurs which will appear as a cloud in the 
finished product. 

There are two general types of presses in common use in the 
fruit juice industry, the ^^cloth and rack” type and the “basket” 
type. These designate the way the fruit pulp is handled. Other 
types are designated by the manner in which the pressure is applied 
in pressing, such as the beam press, screw press and hydraulic press, 
all of which are discontinuous. Another type is the continuous 
press into one end of which the fruit is fed, and to which pressure 
is applied. The pomace is discharged continuously at the’ opposite 
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end of the press while the juice passes through openings in the bot- 
tom. For apples and berries the rack and cloth type is most com- 
monly used. A pressure of several hundred pounds per square inch 
is applied. The apple pomace, after the first pressing, is run through 
the pomace picker which grinds it up finely and is repressed. This 
repressing often results in a 50 percent increase in yield of juice. 

There are small presses of both of the above types available for 
home use or for a small commercial scale production. 

Pressing of Pomegranates 

Because of the peculiar nature of the pomegranate it requires 
different treatment than any other fruit. The color of the ponu 
granate is in the juice, therefore, it does not require heating for 
the extraction of color. Because of the high tannic acid content 
of the peel it is not desirable to extract the juice from the peel. The 
less the peel is broken or crushed the less tannic acid there will be 
in the juice. 

For a long time the greatest obstacle in the way of producing 
palatable beverages from pomegranates was the astringency due to 
an excess of tannic acid. 

By crushing by ordinary machines for that purpose the peel was 
so macerated as to extract an excess of the tannic acid with the 
juice. It was found that the less the peel was macerated the less 
astringency there was in the juice. By pressing the whole fruit 
without previous crushing a minimum of tannic acid was obtained. 
In fact by those familiar with pomegranate juice, there was said 
to be a deficiency of astringency. The basket type press was found 
most satisfactory for this purpose. High pressure is necessary for 
efficient extraction. 

Filtration and Clarification 

Filtration may be accomplished without producing clarification. 
This is especially true of apple juice and white grape juices. Solid 
particles may be removed by filtration through closely woven cloth, 
felt jelly bag or wood pulp, cotton pulp or paper pulp filters under 
pressure, while colloidal particles may remain, giving a cloudy appear- 
ance to the juice. 

By using a clarifying agent such as infusorial earth or diatoma- 
ceous earth an apparently clear and sparkling juice can be obtained, 
but after standing several months there is a precipitate unless filtra- 
tion is repeated several times. 



240 


THE LEGAL CHEMISTRY OF FOODS 


By heating the juice the protein is coagulated. Then by the 
use of infusorial or diatomaceous earth a permanent clearness may 
be obtained. The use of these clarifying agents necessitates the 
use of a filter press, which consists of a series of plates either metal 
or wood between which are placed pieces of canvas on which the 
filter mass is formed. Each section consisting of a piece of canvas 
and two plates, acts as an independent filter although all are fed 
from one general source. 

Filtering media which have been very satisfactory are an especially 
treated “Filter-Cel” and a baked diatomaceous earth known as “Dia- 
tomite.” 

For the clarification of grape juice it is necessary to allow the 
cream of tartar to precipitate out before filtration. If cold storage 
facilities are available this may be accomplished in a few days. 
Otherwise, it might require several weeks. 

After heating, berry, cherry and pomegranate juiees may be fil- 
tered brilliantly clear without the use of a clarifying agent. It is 
claimed by some that the cloud present in juice is an indication 
that it is pure fruit. If it is brilliantly clear it is thought that too 
much of the real fruit elements has been removed. 

This is especially true of orange juice. The more pulp of the 
orange that can be held in suspension in the juice the better it is. 
The popular idea of grape juice also seems to favor the cloudy type 
like Welch’s. It has been found that brilliantly clear juice can be pro- 
duced from strawberries, blackberries, loganberries and pomegranates 
with no apparent loss of the real fruit constituents. 

The simplest method of producing bottling syrups is by adding 
cane sugar to the clarified fruit juice. This is the method which 
we have used in making syrups from berries. The berry juices are 
of such low sugar content and high acid content that they require 
the addition of sugar to make a palatable drink. 


Concentrates for Beverages 

The most economical form in which fruit juices can be handled 
in the production of beverages is in the form of concentrates. Con- 
centration of fruit juices may be done in several ways with varying 
degrees of success. By open kettle method which is not conducive 
to retention of fresh fruit flavor and color. By concentration in vac- 
uum which has proved satisfactory in concentrating orange and 
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lemon and grape juices which are now produced in commercial 
quantities, by this method. 

Blackberries, cherries and pomegranates have been concentrated 
in vacuum successfully and give evidence of successful commercial 
products. 

Concentration by Freezing 

This is a process which has been developed by Gore and Monti 
but has never been used extensively for commercial production. Ex- 
perimental work carried on in conjunction with our laboratory work 
has developed a freezing process which is economical and practical. 
The freezing process ranks first of all concentration processes for 
quality of product. The aroma, flavor and color of the original 
juice are preserved perfectly. 

Syrups Made from Concentrates 

These concentrates permit of various degrees of dilution, approxi- 
mately as follows: 

Orange, 1 part concentrate to 5 parts simple syrup. 

Lemon, 1 part concentrate to 25 parts simple syrup. 

Cherry, 1 part concentrate to 8 parts simple syrup. 

Pomegranate, 1 part concentrate to 5 parts simple syrup. 

A simple syrup of 60° is used. 

Blackberry has not a very distinctive flavor so it is not desirable 
as a beverage by itself. It has a very deep permanent color. 

Strawberry juice has a very strong flavor but a weak color. It 
has been found very satisfactory to blend the strawberry with black- 
berry which produces a very attractive beverage of a deep red color, 
having a very distinctive strawberry flavor. This is labeled “Straw- 
berry with Blackberry.” 

From 1% to 2 ounces of this syrup is added to a seven ounce 
bottle and filled with carbonated water. 

Carbonation 

Carbonation increases the acidity of the beverage. Since most 
fruit juices have sufficient acid to make them palatable a low car- 
bonation is usually necessary. This is especially true of orange. The 
optimum carbonation for orange beverage is the smallest possible 
to still have it perceptible. Strawberry and loganberry beverages 
permit a somewhat higher carbonation. Consumers’ tastes vary 
greatly in this respect, however. Some prefer high carbonation, some 
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low and some none at all. The amount of carbonation then must 
be determined by the taste of the majority. 

All carbonated fruit beverages require pasteurization for preserva- 
tion. Carbonic acid gas is a preservative but it has not been found 
sufficiently effective as such in quantities so low as is required for 
making palatable carbonated fruit beverages. 

It has been found that a temperature of 150° F. for 30 minutes 
is necessary for permanent preservation of 7 oz. bottles. Non-car- 
bonated beverages in the same size bottles require from 165° F. to 
175° F. for 30 minutes. 

The presence of carbonic acid gas lowers the death temperature 
of mold spores. Commercial pasteurizers are available at bottling 
equipment supply houses, with capacities varying according to the 
requirements. On a small home scale, pasteurizing may be done by 
using a wash boiler or tin wash tub. 

The sealed bottles are placed in the boiler which is filled with 
cold water. Heat is applied and the temperature of the water raised 
gradually to 150° F. The heat is then regulated to maintain that 
temperature for 30 minutes, at the end of which time it is turned off 
and cold water allowed to flow slowly into the pasteurizer and the 
hot water drained at the same rate, maintaining the original volume 
of water in the pasteurizer. Extreme care must be exercised not 
to allow the stream of cold water to come in contact with hot Irottlles 
or there will be breakage. This may be done by allowing the cold 
water to flow into a pan or other vessel submerged on top of the 
bottles. When the temperature of the bath has been reduced to 
between 110 and 120° F., the cold water may be turned off and the 
pasteurizer allowed to drain. The cooling , may be complctc-.d in 
air. 

There is a tendency for these beverages to deteriorate with age. 
For best results the orange beverages should be consumed within two 
months after production, otherwise a stale taste develops which 
is objectionable to many. Lemon will keep considerably longer than 
orange without any apparent deterioration. The color of strawberry 
beverages has a tendency to fade, especially when exposed to bright 
sunlight. When combined with blackberry this tendency is lessoned, 
however. Loganberry has a more permanent color and flavor. 

These beverages are rapidly growing in popularity and are at- 
tracting the attention of commercial bottlers in many parts of the 
country. The prospects are that in the near future these beverages 
will constitute a large proportion of the beverages consumed in this 
country. 
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Investigation op Methods of Peepaeing Caebonated Beveeages 

PEOM Feuits 

Regarding the work done by Professors Cruess and Irish of the 
Agricultural Experiment Station of the University of California at 
Berkeley last year, the report of the experiment station follows: 

“Syrups of 50° Balling were made from various fruits, namely, 
second-crop Muscat grapes, loganberries, Lawton blackberries, straw- 
berries, Himalaya blackberries, raspberries and pomegranates. A 
^fruit punch’ syrup was prepared from red grape syrup, orange juice 
and lemon juice. 

“The berry syrups were prepared as follows: The fruit was 
washed, crushed, heated to 150°' F. and pressed. The juice so ob- 
tained was filtered and sugar was added to increase the density to 
50° Balling. Muscat grapes were crushed and pressed and the juice 
was heated to 160° F. and filtered. Red wine grapes were crushed, 
heated to 160° F. and pressed and the juice filtered. The grape juices 
were concentrated in a glass-lined vacuum pan to 50° Balling. Pome- 
granates were cut in half and pressed in an apple cider press suc- 
cessfully. The juice was clarified by heating to 160° F., settling and 
filtering. Sufiicient sugar was added to give a syrup of 50° Balling. 

“Filtration through wood pulp gave better results than were 
obtained with a filter press and infusorial earth. Infusorial earth 
tended to impart a disagreeable ^earthy flavor’ to the juices. 

“Most of the syrups were held in cold storage; some lots at 0-15° 
F. and others at 32° F. Lacquered cans were used as containers. 
Other samples were pasteurized in lacquered cans or in bottles and 
held at room temperatures. Syrups stored in sealed containers at 
0-15° F. retained perfectly their original color, flavor and aroma. 
Most of the samples held at 32° F. remained in good condition, al- 
though molding of the syrups occurred in a few of the containers 
(lacquered cans). Syrups pasteurized and stored at room tempera- 
ture deteriorated slightly in color and flavor, but still produced very 
pleasing beverages when diluted with carbonated water. 
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“The fruit syrups were used in the preparation of carbonated 
bottled beverages for the purpose of demonstrating that attractive 
pure fruit drinks can be produced and sold at a moderate price to 
replace the synthetic imitation fruit beverages now sold. 

“One and one-half ounces of the syrup per 7-ouncc soda water 
bottle was used. Carbonated water was added to fill the bottles. 
These were capped and pasteurized in water at 150° P. for 30 minutes 
in most cases and were stored at room temperature. Most of the 
beverages have retained their flavor and color very satisfactorily for 
the duration of the storage period (eight months) . 

“Five hundred bottles of the beverages were offered for sale at 
the ' University Farm picnic on April 29. The bottles were chilU'd 
in ice water before sale. Ten cents per bottle was charged for the 
beverages. The entife lot was sold in about three hours, many of 
the sales being due to ‘repeat orders.’ Raspberry, strawberry, ‘fruit 
punch’ and Muscat red wine grape blend proved to be the most 
popular beverages. The pomegranate beverage was also imich in 
demand. The beverages are now on sale in Berkeley and are being 
well received. 

“The cost of production of the beverages from the berries is esti- 
mated at 3%c a bottle, exclusive of the bottle, and 6c a bottle if the 
cost of the bottle is included. This cost is based on a price of $1.20 
per gallon to the bottler for the syrup, or a gross return to the 
manufacturer of the syrup of about 80c per gallon. 

“In experiments to determine the minimum safe pasteurizing tem- 
peratures for fruit beverages conducted by Cruess and Irish, it was 
found that although resistant mold spores and spore-bearing i)acteria 
were not destroyed at 150° F., carbonated juices inoculated with 
yeasts; molds and spore-bearing bacteria and pasteurized at 150° F. 
for 40 minutes did not spoil, because the carbon dioxide prevented 
the growth of the heat-resistant organisms. This temiieraturc and 
time of pasteurizing killed the yeast cells, the only one of these organ- 
isms capable of developing in the carbonated juice. 

“Mold spores developed and caused spoiling of non-carbonated 
juice pasteurized 30 minutes at 170° F., but mold did not develop in 
such juice pasteurized the same length of time at 180° F.” 

Bacillus subtilis spores survived 190° F. for 30 minutes, but the 
organism did not develop in either carbonated or still juices. 

The death temperatures of yeasts, mold spores and spores of 
bacillus subtilis were not lowered by carbonating at increased pres- 
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siires. Pressures from 0 to 60 pounds per square inch were used. 
Juices carbonated to 50 pounds pressure did not permit mold growth, 
although mold developed in several bottles carbonated at 30 pounds 
pressure. 



Appendix D. 

Requirements of Pectin for the Commerciaij Jelly-Maker * 
By Eloise Jameson 

Exchange Research Laboratory, Corona, Calif. 

[Reprinted from Industrial and Engineering Chemistry, December, 1925] 

A description of an ideal felly is followed by a discusdon of the necessity for 
using exact proportions of ingredients to make such a jelly. The advantages of 
the use of pectin in jelly maldng are then pointed out, with a discussion of 
methods of adding pectin to make the best jelly with the least amount of pectin. 

The following characteristics of the pectin preparation suitable for the jelltp 
maker are then discussed: (1) high jellying power, (2) standardized jellying 
power, (3) a pH value when iri solution ^ below 7 hut high enough so that it uylll 
not make a jelly without additional acid, (4) ability to cause quick setting of 
jelly, (5) neutrality of color and flavor for manufacturing fine-flavored jellies and 
jams — for low-grade jellies pectin preparations with fruit flavors may be desired, 
(6) ability to make a clear solution, (7) ease of use, (8) stability during storage 
and use, 

A perfect jelly has been often described, but that considered best 
by the housewife differs materially from that which is most pleasing 
to the jelly-maker. To satisfy the ideals of the commercial jelly- 
maker a jelly must have the following qualities: 

Firmness — ^The jelly must be firm enough to hold the shape of 
the glass for some time after being turned out and also strong enough 
to withstand shipping. 

Texture — The elasticity must be sufficient so that the jolly if 
slightly pressed out of shape will return. It must, however, on being 
cut vertically break on bending over and give a clean broken edge. 
It must be tender enough to spread well. 

Clearness— The more brilliantly clear the jelly the more desirable 
it is. 

Synersis — Synersis or separation of liquid from the surface de- 
tracts from the quality of the jelly. 

Fruit Color and Flavor — The jelly should posses the true fruit 
color and flavor. 


Older Methods of Jelly Making 

With the older methods it was often impossible to make a perfect 
jelly. Not being able to control the pectin content except by the 
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addition of juice high in pectin,- the best way to make a jelly was 
first to concentrate the fruit juice somewhat and then, after adding 
the sugar, to boil until the mixture gave an indication of jellying, 
as tested by one or more of the well known jelly tests — for instance, 
sheeting from the spoon. 

In the finished product, then, the proportions of pectin and sugar 
varied greatly. Observations in this laboratory, as well as the work 
of Tarr ^ and others, have proved that these proportions are very 
important, affecting not only the texture of the jelly but also its 
success or failure. Th^ long time of cooking darkened the color 
and often partially destroyed the delicious fruit flavor. With modern 
methods most of these difficulties can be overcome. 


Proportions of Jelly Ingredients 

There is a wide range in the proportions of sugar, pectin, acid 
and water which if combined will result in a jelly. The jelly will 
form if the ingredients are dissolved and the solutions mixed cold,® 
but ordinarily they are combined and at least brought to a boil. 
There is, however, a very narrow range of proportions which can be 
used to the best advantage commercially. 

First, the proposed jelly standards call for a jelly with about 65 
percent total solids, most of which are necessarily sugars, cane and 
invert. This jelly has been found to keep well as ordinarily handled. 
There is at present a tendency to lower the sugar proportion, and to 
put into sterile containers and seal hot to increase the yield of jelly. 
The sugar can be decreased to about 50 percent and still a good jelly 
will result. However, about a 65 percent sugar jelly will be con- 
sidered as the standard. With this sugar content the acidity can 
be varied somewhat. Tarr^s work on the pH of jellies has thrown 
a great deal of light on this. The commercial jelly mixtures on which 
the pH has been determined in this laboratory have given values 
within the limits which he determined on good jellies — i.e., 3.0 to 
3.54. With too high H-ion concentration there is synersis, with too 
low, jelly failure. 

The pectin quantities cannot be varied over a very large range 
without making the jelly either too firm or too weak. The amount 
of pectin cannot be stated quite so definitely as the acid and sugar, 
because it depends upon the quality of the pectin in the prepara- 
tion used. On comparing the quantities of sugar which can be 


® Del. Agr. Bxpt. Sta., Bull. 134, Tech. No. 2. 

» Sucharipa, J. Aasoo. Offloial Agri. Chem-j 7, 57 (1323), 
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jellied by each pound of different- pectin preparations under tiie 
same conditions and with the same proportions of acid and water 
to each unit of sugar, a tremendous variation is found. This is what 
makes some of the literature misleading. A pound of a given jrectin 
preparation may jelly only 50 pounds of sugar, while another will 
jelly 250 pounds of sugar. When by pectin we mean a chemical 
compound or a substance with a definite jellying power it will be 
possible to set very positive limits. 

Use of Pectin 

As has been pointed out above, definite proportions of jelly in- 
gredients are required. Obviously, since the strength of pectin prep- 
arations varies, they must be carefully standardized before they 
can be used in jelly making. With this precaution taken, it is i)ossible 
to control carefully the quantities of ingredients and by reducing the 
time of heating to a minimum to produce almost perfect jams and 
jellies. 

It has been the custom to add commercial pectin solutions after 
boiling the sugar and juice for a short time to a definite tempera- 
ture. The mixture has then been poured into final containers in which 
the acid has already been placed. The dry pectin preparations have 
usually been mixed with a small amount of sugar and put into solu- 
tion in the juice. Then the remaining sugar has been added and 
the whole boiled a short time to a definite temperature, usually 130° C. 
In some cases the dry preparations have been put into solution and 
used like the liquid pectin preparations. 

These methods are a tremendous gain over the old ones, but still 
leave room for improvement. For instance, the vacuum method 
suggested by Noyes might be useful. Heat of any kind hurts pectin 
and consequently the quality and yield of jelly. If the jelly metliods 
could be improved so that the dissolved pectin, properly sterilized 
and cooled to a pasteurizing temperature, could be added to the re- 
mainder of the jelly ingredients, which has been heated sufficiently to 
sterilize, and then cooled to the same pasteurizing temperature, more 
and better jelly would result from the same amount of pectin. At 
present, commercial jellies are often poured into 30-pound contain- 
ers very hot. The heat is held until some harm has been done. In 
fact, jelly-makers use a larger proportion of pectin for jelly packed 
in large tubs or tins. The injury may be noticed when using a color- 
less pectin. The jelly around the edge, where the cooling is quickest. 
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will be clear, colorless and very firm. Toward the center, where the 
heat is held a long time, the jelly will be softer, showing harm done 
to the pectin, and yellowed and with a taste indicating some carameli- 
zation of the sugar. The acid added in the containers hastens the 
injurious effect of the heat. 

Another suggested improvement would be boiling to a definite 
calculated weight instead of to a predetermined temperature. This 
would prevent the differences in final sugar content which occur 
when a definite temperature is used, owing to the inversion of sugar 
during boiling. These differences are quite great. There is consid- 
erable inversion of sugar when juices containing tartaric acid are 
used and a. larger yield of a less firm jelly is obtained than when less 
highly ionized acid fruit juices are employed. This results from 
the raising of the boiling point due to the two molecules of invert 
sugar in place of the one of cane sugar.® 


A Satisfactory Commercial Pectin 


Pectin, either pure or mixed with inert ingredients or sugar and 
acid, has been on the market for a great many years in apple pomace 
extracts, concentrates, and dry products. 

Considerable work has been done on the composition of pectin,®’’^ 
and this is very valuable to the pectin manufacturer. It has been 
proved to be an unstable substance, which must be handled with 
great care to prevent hydrolysis and consequent diminution of its jelly- 
ing powers. As hydrolysis proceeds and methyl groups are lost, 
more pectin is constantly necessary to make a jelly of given strength. 
The quality of the jelly also deteriorates; it loses some of its elas- 
ticity and sharp edge. In general, then, a pectin with a high jellying 
power is more desirable for the manufacturer of jellies. 

The manufacturer also requires a constant well standardized pec- 
tin. He must be able to use the same amount of pectin, always, and 
get exactly the same results. The product must then be manufac- 
tured from material which will give a uniform product' and in a 
manner which will preserve the quality, or else be mixed with some 
inert substance to establish a uniform pectin preparation. 

The pH of a solution of pectin used in jelly making must be kept 
above a certain value — ^^about 3.7 in the case of the pectins with 
which the author has worked, although it may be less with others. 
Otherwise, a jelly may form before the mixture can be poured into 


0 II. T. Leo, personal communication. 
flFellenberg, Biochem. Z., 86, 118 (1918). 
TEbrlicla, Ohem. >Ztg., 41, 197 (1917). 



250 


THE LEGAL CHEMISTRY OF FOODS 


the final containers. In fact, the pH should be so high that the 
jelly mixture can be cooled and remain fluid until the acid is added 
to make it jelly. The other limit is 7.0, or alkalinity. 

An interesting problem presented itself in preparing a pectin 
satisfactory for jelly manufacturers. Some pectins were found which, 
although making very firm jellies when set, still jellied so slowly that 
they were not satisfactory. In jam manufacture it is often desirable 
to keep whole small fruits suspended in the surrounding jelly. Unless 
the jelly sets almost instantly when the acid is added the fruit will 
not be held in place. Also, when large containers of jelly are poured, 
unless the jelly sets very quickly the high temperature at which the 
jelly mixture is held so long weakens the pectin. After the pectin 
has precipitated as a jelly the effect of the heat is very much less. 

So it became highly desirable to produce a rapid-setting pectin 
for the trade. Many factors affect the rate of setting of jelly. Up to 
a certain point as the acidity increases the rate of setting increases. 
With a constant amount of the same acid added the following observa- 
tions were made: As the sugar content increases the rapidity of 
jellying increases.® It may be a function of the solubility of the 
pectin, because pectin becomes less soluble in sugar syrups of in- 
creasing strength. A pectin having a high jellying power also makes 
a jelly which sets more quickly than that with a less jellying power, 
even when the two jellies have the same firmness. However, the 
slight differences produced by these causes do not seem sufficient 
to explain the great differences between some pectins. It seems pos- 
sible that there may be some chemical explanation, such, for instance, 
as the splitting off of a sugar group which might make the difference 
in solubility and hence in the time in which a jelly sets. A study 
of the factors which influence the rate of setting of jelllies would be 
well worth while. It is probably better stated as the temperature 
at which a jelly sets as the jelly is gradually cooling from 103° C. 
to room temperature after it is poured. In a jelly glass the time of 
setting may be 15 seconds in one case, in another 1 hour. 

Sugar jellies alone have been considered. With glucose jellies 
the rate of setting is equally important, but for different reasons. 
The glucose jellies are poured at 82° C., at which temperature there 
is little injury to the pectin even when the heat is held a long time, 
but the glucose jelly is handled in large tubs and it is very much 
more easily packed for shipping after it has set, so an immediate 
jelly is desired. 

* Ohm, M. A. Thesis, University of California, September, 1924, 
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The more tasteless a pectin is, the less it will affect the delicate 
fruit flavors. For the high-grade jellies a pure pectin is more de- 
sirable. With lower grades of jellies oftentimes a fruit flavor car- 
ried with the pectin gives an added substance to the jelly, which is 
an advantage. The same applies to the color of pectin. In high- 
grade jellies it is. undesirable, but often is an aid in cheap jellies. 

The clearness of a solution made with pectin is an important 
characteristic. Most jelly-makers like a brilliant jelly which may 
be clouded by a pectin making a turbid solution. One manufacturer 
of very fine jellies and jams, however, prefers that they be not too 
clear so they will be more like home-made products. 

A pectin product must be easy for the manufacturer to use. If 
a dry product, it must go into solution readily. This quality is in- 
fluenced by impurities, acids, fineness of grinding, and possibly other 
factors. 

It must not only be easy to handle, but it must be a product 
with which it is hard to make mistakes. In this respect a liquid 
product is preferred by some. The jelly ingredients are always 
weighed. With a liquid pectin preparation a slight mistake in weigh- 
ing will not affect the jelly so seriously as with the dry preparation, 
because of a lower concentration of pectin. 

Lastly, the product is better if unchanged by atmospheric condi- 
tions. Whether liquid or dry it must have the correct acid reaction. 
It is unstable if alkaline or too acid. The dry pectin preparation 
has the added advantage over the liquid because a package when 
opened will not deteriorate even when not all used at one time. 
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Sugar Largely Determines Texture, Flavor and Yield op Jelly 

A bulletin (No. 136; Technical No. 3; March, 1924; 29 pp.) on 
“Fruit Jellies, 11. The Role of Sugar,” by Lester W. Tarr and Clcorgc 
L. Baker, has been issued by the University of Delaware Agricul- 
tural Experiment Station, Newark, Del. Its contents arc very effec- 
tively summarized in the bulletin, as follows: 

(1) The texture, flavor and yield of jelly are largely determined 
by the quantity of sugar that is added. 

(2) There is no specific amount of sugar that must be added to 
insure the successful formation of a jelly. 

(3) Other conditions being equal, a weak jelly results from the 
addition of too much sugar. A tough jelly results from the addition 
of too little sugar. 

(4) The quantity of sugar that may be added varies with tlie 
hydrogen ion concentration of the fruit juice. With a constant quan- 
tity of pectin (2 g.), it was possible to add 125-130 g. of cane sugar 
when the hydrogen ion concentration was pH 3.37, 145 g. when hy- 
drogen ion concentration was pH 3.23, and 180 g. when the hydrogem 
ion concentration was pH 3.10. 

(5) As the yield of jelly depends largely upon the quantity of 
sugar added, it is evident that the yield will vary with the hydrogen 
ion concentration. 

(6) Although the quantity of sugar added may be varied over 
a wide range, the percentage of sugar that exists in the finished jelly 
is reasonably constant. 

(7) The percentage of sugar present in the finished jellies ob- 
tained in these investigations was approximately constant at 69 
percent, but increased slightly as the hydrogen ion concentration was 
increased. 

(8) The least concentration of sugar that enabled a jelly to 
form with the pectin stock solutions employed in these investiga- 
tions was 64.1 percent, regardless of the hydrogen ion concentration 
of the solution. However, increasing the hydrogen ion concentration 
did result in increased jellying properties. 
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(9) The concentration of sugar that exists when a jelly is formed 
is shown to be approximately that of a saturated solution of sugar. 
The slight increase in sugar concentration that occurs as the hydro- 
gen ion concentration increases is due to the greater solubility of 
sugar in the increased quantities of invert sugar that are formed. 

(10) The quantity of invert sugar formed during the ordinary 
jelly making process is a function of the hydrogen ion concentration 
and of the time of heating. If the time is constant, the quantity 
of invert sugar formed increases as the hydrogen ion concentration 
increases. If the hydrogen ion concentration is constant, the quan- 
tity of invert sugar formed increases as the time of heating in- 
creases.'^ 

(11) The inversion progresses at a fairly uniform rate for a given 
hydrogen ion concentration. 

(12) Approximately the same quantity of invert sugar is formed 
for a given hydrogen ion concentration, regardless of the concen- 
tration of sugar employed. 

(13) The hydrogen ion concentration is suggested as a means for 
controlling jelly formation and uniformity of product. 

(14) A new pectin product is described which may have com- 
mercial possibilities. 

(15) Jelly formation is conceived of as occurring in the presence 
of a saturated, or an approximately saturated, solution of sugar. The 
function of the sugar may be that of a dehydrating agent. The acid 
is believed to control the precipitation of the pectin in the jelly 
form. 

* Authorn think it advisable to add the sugar during last half of boiling down 
process to prevent too much inversion (and loss of sucrose). 



Appendix F. 

Elaborate Research on the Manufacture of Mayonnaise 
By Prof. Mark of Simmons College 

[There was published in The Spice Mill for August, 1922, a note on experi- 
ments on emulsification in mayonnaise by Professor Kenneth L. Mark, of 
Simmons College, Boston, Mass., which aroused considerable interest in the 
trade and requests were made for a fuller statement covering these experiments, 
with particulars of the developments as anticipated in the note. Through the 
courtesy of Professor Mark, The Spice Mill was enabled to satisfy these re- 
quests by publishing, in the March, 1923, issue, a full statement of .the initial ex- 
periments and supplemental report on the research. Since that presentation the 
demand for the article has been so great that the particular issue of The Spkuc 
Mill has become exhausted, and in order to give those interested an opportunity 
to utilize the information contained therein we are reprinting here the article 
in full.l 

Emulsification in Mayonnaise 

The following is only a preliminary report of work which is being 
done on this subject. Enough progress has not yet been made to 
formulate a rule of procedure which will insure unvarying success in 
making the dressing. 

The actual work has been to follow the process of emulsion by 
taking samples every few seconds during the beating together of 
the ingredients and observing these samples under the microscope. 
In general the results have been those which would be predicted from 
our knowledge of the principles of emulsion. Before taking up a 
report of these results a brief outline of what may be expected will 
be presented. 

Mayonnaise is a stable emulsion of oil in the water derived from 
the yolk of egg and from vinegar. The conditions necessary to make 
an emulsion which will remain permanent are well known. In addi- 
tion to the two immiscible liquids, one of which is broken up or dis- 
persed in the other by beating and shaking, there must be present 
also, a third substance, the emulsifying agent, which is usually a colloid 
or a very fine suspension. In mayonnaise the emulsifying agent is 
the protein in the yolk of egg. 

The conditions which must exist in order that an emulsion re- 
main stable have been extensively studied by Bancroft and others. 
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This, however, is not the problem which confronts the maker of 
mayonnaise, for when the dressing is once made it usually keeps. 
Failures occur in making the mayonnaise. The conditions necessary 
to produce an emulsion, which when finished remains stable, have 
not been thoroughly investigated. 

The factors involved are obviously: 

(1) The physical properties of the substances used, of which sur- 
face tension and viscosity are the most important. These properties 
may in turn be modified by such factors as temperature and mutual 
solubility. 

(2) The proportions of the ingredients. 

(3) The manner of beating or shaking. 

Preliminary experiments showed, as would be expected, that varia- 
tions produced by using different kinds of oil, or by working at dif- 
ferent temperatures, were slight compared with the factors of pro- 
portion and manner of beating. 

If we picture for a moment what happens when we beat together 
two immiscible liquids, it is plain that the beating breaks up both 
of them, but the particles of one will unite as fast as they are broken 
up, and this liquid will remain continuous and become the disperse 
medium of an emulsion; whereas the particles of the other liquid are 
being broken up faster than they unite and hence becoming smaller 
and smaller constitute the disperse phase of the emulsion. When 
the beating ceases these particles may again unite, no permanent 
emulsion being formed, or if the proper emulsifying agent is present 
they may remain dispersed, thereby producing a stable emulsion. 

If we beat a mixture containing a very small quantity of liquid 
A in a large quantity of liquid B, it is obvious that the particles of 
A will become widely separated, and thus will unite more slowly 
than the particles of B. We shall have an emulsion of A in B. 

If we consider a series of mixtures in which there is a constantly 
increasing proportion of A, we shall pass through some rather inde- 
terminate mixtures to the cases where B is dispersed in A. It is in 
these transition mixtures that other factors than proportion, such 
for example as viscosity and manner of beating, may have a deter- 
mining influence on the kind of emulsion formed. 

Thus intermittent beating has been shown in some cases to pro- 
duce emulsification much more rapidly than continuous beating, 
since time is given during the period of rest for the particles of the 
emulsion medium to reunite. 

In making mayonnaise we must produce an emulsion of oil in 



256 


THE LEGAL CHEMISTRY OF FOODS 


water, since egg-yolk stabilizes this emulsion but docs not stabilize 
an emulsion of water in oil. Attention was first directed, therelore, 
to determining the maximum amount of oil whicli could 1)C emulsified 
in a given amount of egg-^mlk in successive additions and under 
definite conditions. 

Into 10 cc. portions of yolk were beaten various volumes of oil. 
The beating was done in a small casserole with a, very small egg- 
beater for 100 seconds, with a pause of 10 seconds at the end of 
each 10 seconds. During each period of rest, a sample was taken 
out which was later viewed under the microscope. 

The egg-yolk itself is an emulsion to begin witli. At a magnifica- 
tion of 660 diameters, each globule of oil appears about 0.2 mm. in 
diameter. When 1 cc. of oil was beaten witli 10 cc. of egg, tlie first 
sample, that taken after 10 seconds, showed the oil to be dispcu’siMl 
in the egg in drops of various sizes. In tlic sam|)le taken after 20 
seconds the drops of oil were more uniform, and in the samjilo taken 
after 30 seconds t|ey were quite uniform, and only slightly Iarg(*r 
than the oil globules in the original eggs. Furtlier beating produccal 
no change. 

When, however, 6 cc. of oil were beaten with 10 cc. of egg, the 
first sample showed masses of yolk floating in a sea of oil. Further 
beating served only to diminish the size of the yolk ptirticles and 
never produced a stable emulsion. 

A large number of trials were now made varying both the pro- 
portions of the ingredients and the total amounts, witli the result 
that for 10 volumes of egg, 3 or less volumes of oil were always, 
emulsified, while 4 or more volumes never were. 

To determine how much oil could be used in the second addi- 
tion, 3 volumes of oil were emulsified in 10 volumes of egg and 
varying amounts of oil were then beaten into samples of this emulBion. 
Again 3 volumes of oil was the maximum amount that could alwuiys 
be taken up by 10 volumes of the emulsion. The corresponding 
amounts for the third and fourth additions were 4 volumes and 4.5 
volumes respectively. Further additions of oil were not attempted 
as the dressing had become too stiff to beat conveniently. 

The successive volumes of oil which could be added to 10 volumes 
of egg were thus 3, 4, 7 and 12 volumes. 

A dressing was made with those proportions, keeping all the 
ingredients at 55 C., and the experiment was also carried out in ice 
water. In both cases stable emulsions were formed. 
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Constant beating gave the same results as intermittent beating 
when these proportions were used. 

Next the effect of adding vinegar to the egg before beating was 
studied. The addition of vinegar, which reduces the viscosity very 
considerably, increases the proportion of oil which can be added 
at the first installment, but the amounts which can be used in 
subsequent additions rapidly approach the values of egg alone, as 
the mixture becomes stiffer. 

In summarizing the work, so far, it appears that if the proportion 
of unemulsified oil to that of the emulsion which exists at the moment 
is kept below a certain maximum, a stable emulsion is always formed. 
In other words, in making mayonnaise, if the oil is added slowly 
enough a successful dressing is produced no matter what the other 
conditions may be. 

The work is being continued. 
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Report on a Cooperative Research on Mayonnaise ' 

In accordance with the request of the Research Section of the 
American Home Economics Association made in July, 1921, a co- 
operative research on mayonnaise has been carried on during the 
past year. Those who have submitted reports arc Professors S. 
DeBorah Haines, of the University of Chicago; Agnes Johnson, of 
the University of California; Esther McGinnis, of the University 
of Maine; Alice M. Child, of the University of Minnesota; Anne E. 
Smith, of the University of Indiana; Jessie Whitacre, of the Agricul- 
tural College of Utah; Leila W. Hunt, of the State College of Wash- 
ington, and Kenneth L. Mark, of Simmons College, Boston. The 
following report is arranged under the various problems which have 
been studied, rather than as summaries of the work of each investi- 
gator separately: 

1. Temperature. Professor McGinnis tried variations in the tem- 
perature at which standard dressings (proportions not given) were 
prepared and found that the stability of the dressing was unaffected 
up to 38° C. 

Professor Mark, working on the maximum amount of oil which 
could be emulsified upon successive additions of oil, obtained the 
same results at 0° C., at 50° C., and at intermediate (('mperatures. 

It seems evident that the effect of temperature is negligible within 
the temperatures ordinarily existing during the preparation of may- 
onnaise. 

2. Kinds of Oil. Professor McGinnis succeeded in emulsifying 
in 15.6 grams of egg-yolk varying amounts of different kinds of oils 
as follows: Pure olive oil— Italian 296 grams, California 344 grams, 
Spanish 441 grams, French 450 grams; “Mazda” oil 399 grains; and 
“Wesson” oil 432 grams. 

Professor Child, however, reports the reverse order in the last 
named oils, with “Douglas” oil intermediate between them, and 
Professor Mark found no difference between “Wesson” oil and “Ma- 
zola” oil. 

^ Originally published in The B'pice Mill, August, 1924. 
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Professor Johnson, also, reports no difference in the quality of 
the final product, whether ^'Wesson’" or “Mazola’' oil was used. 

In none of the experiments were the chemical composition or 
the physical properties of the oils studied, so that the cause of such 
variations as were found is in doubt. Further study is desirable to 
ascertain why only about two-thirds as much Italian and California 
olive oils can be emulsified as other kinds of oil. 

3. Age of Eggs. Professor Johnson made emulsions with eggs 
of different ages. Proportions and conditions which produced a sat- 
isfactory and stable dressing with eggs one day old gave equally 
good results with eggs 18 days old, but eggs 42 days old made a 
poor emulsion which completely separated in 4 days. ^'Store” eggs 
of unknown age gave equally poor results.' 

Professor Mark tried the use of cold storage eggs, the yolks of 
which appeared watery, and was able to emulsify only about one- 
third as much oil as with fresh eggs. 

Some large scale manufacturers use “broken out” frozen eggs 
and a study of the efficiency of these eggs as compared with fresh 
eggs would be valuable. 

4. Substitutes for Egg-Yolk. Professor Child used egg-white 
instead of egg-yolk and found its efficiency as an emulsifying agent 
to be about one-quarter that of the yolk, and the efficiency of the 
whole egg to be that of the sum of the yolk and the white separately. 

Professor Haines added flour in the form of thick white sauce 
(compound of 1 quart of milk to 4 ounces of flour) to egg in the 
proportion of 8 yolks to one pint of white sauce. She obtained a 
palatable dressing which contained twice the amount of oil which 
the egg alone would stabilize. This dressing, however, moulds very 
quickly and thus the advantage of the addition of flour is question- 
able. 

Professor Haines tried, also, the addition of gelatin and reports 
its use as unsatisfactory, since the emulsion broke and the oil sepa- 
rated out upon standing. She used, however, comparatively large 
amounts of gelatin, enough so that the mixture stiffened upon cooling. 
The gelatin probably extracted water from the emulsion film, which 
was thus destroyed and caused the oil to separate. Professor Mark 
obtained very satisfactory results with gelatin but he used only 3 
grams to a liter of the finished product. The gelatin was added by 
dissolying it in the vinegar. Dressing, with the gelatin in it with- 
stood transportation and long standing better than without it. 
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5. Initial Addition o£ Oil. Professor Smith found tlinfc the 
maximuni volume of oil which could be added at one time and 
become emulsified in 10 cc. of egg-yolk was 5.5 cc. wlien the beating 
was continuous. If, however, the mixture was beaten lor periods ot 

10 seconds with periods of rest of 15 seconds, 6 cc. could be used; 
and when the period of rest was inci’eased to 25 seconds, 6.5 cc. could 
be emulsified. Microscopic examination showed that permanent 
emulsions were formed only when the oil had been broken up into 
globules of approximately uniform size and distribution. 

Professor Whitacre and Professor Mark carried on experiinenls 
with periods of 10 seconds each of beating and of rest and tluiy both 
found the critical volume of oil to be between 3 cc. and 4 cc. for 10 
cc. of egg-yolk. 

6. Intermittent Beating. Professor Smitli, as stated abovii, was 
able to increase the amount of oil emulsified by allowing short periods 
of rest during the beating, and Professor Mark obtained similar re- 
sults. Indeed this effect of intermittent beating is well l■0(•ognizod in 
the preparation of many emulsions. Moreover, it is common knowl- 
edge that when mayonnaise has been standing for some time more 

011 may be readily embodied in it by only a few revolutions of the 
beater. All of these facts point to the great inii)ortauce of intca-mit- 
tent beating in making mayonnaise. Much more work on the cff(>ct 
produced by periods of rest of considerable length should be doiu! 
and will be valuable, both from a practical standpoint and as bearing 
on the cause of the efficiency of intermittent beating in making 
emulsions. 

7. Speed o£ Emulsification. Professor Whitacre proved, as 
would naturally be expected, that small amounts of oil were emul- 
sified sooner than large amounts, but she showed that the time is 
not directly proportional to the amount of oil. One cubic centi- 
meter of oil was emulsified in 10 cc. of egg in less than 10 seconds, 
2 cc. in 20 seconds, 2.5 cc. in 40 seconds, 3 cc. in 80 seconds, and 3,5 
cc. were not emulsified at the end of 180 seconds. Although these 
data are too few .in number to serve as a safe basis for making a 
generalization, they point to the relation that the time, or rather 
the total number of revolutions of the beater, is proportional to tlie 
cube of the volume of the oil added. This is a relationship which 
might be predicted, because if a number of particles were to bo dis- 
tributed evenly along a line, the time required would be proportional 
to the number of particles; but if they were distributed evenly on 
a surface, the time would be proportional to the square of the number 
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ol particles; and if distributed in a volume, to the cube of the num- 
ber. Experiments will be of interest to determine the truth or the 
falsity of the proposition that the time required for emulsification 
varies with the cube of the volume emulsified. 

This relationship may explain some of the frequent failures in 
making mayonnaise. For example, using Professor Whitacre’s figures, 
in 80 seconds only 3 cc. of oil could be emulsified if added all at once; 
.but in 80 seconds 8 cc. could be emulsified if added in 2 cc. portions, 
and a still larger amount if added in still smaller portions. On the 
other hand, if a portion of 3.5 had been added, no emulsion at all 
would have been produced. It follows, therefore, that the oil should 
be added in a small steady stream during the beating rather than 
in separate portions to be successively beaten in. 

8. Maximum Proportion of Oil to Egg^. Professor McGinnis, 
as already stated, found the final maximum proportion of oil to 
to differ with different oils; but taking the value for “Wesson^^ 
oil, 28 cc. of oil could be emulsified in one cc. of egg-yolk. 

Professor Child worked with a complete dressing. She found that 
when one volume of egg was diluted with 8 volumes of vinegar, 40 
volumes of oil could be taken up. This is in fairly good agreement 
with the results of Miss French, working at the New England Kitchen 
in Boston, who reports a maximum of 48 volumes of oil to one of egg 
diluted in the same ratio as Professor Child’s. This agreement is 
of interest, moreover, since Professor Child was working on a very 
small scale and Miss French was using over one hundred times the 
quantities in a power beater. 

Professor Johnson made a complete dressing in which 90 volumes 
of oil were used to one of egg, but 15 volumes of vinegar were em- 
ployed. This proportion is not discordant with the preceding results, 
since the volume of the emulsifying agent, namely the diluted egg, 
was nearly doubled. 

No one has reported any attempt to determine how far this 
dilution of egg with vinegar or water may be carried and still serve 
as a satisfactory emulsifying agent. This problem appears to be 
one of some interest and importance. 

Summary. It will be observed that considerable and valuable 
data have been collected, but that small progress has been made 
toward a knowledge of the underlying physical principles involved 
in making mayonnaise. It has been shown (1) that within ordinary 
limits temperature has little effect; (2) that the kind of oil, the age 
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of the egg, and the addition of substitutes for egg-yolk are of con- 
sequence; but (3) that these factors are not so important as the rate 
of addition of oil and the manner of beating. A number of directions 
in which the investigation may be continued arc pointed out. 



Appendix H. 

Labeling Beverages and Beverage Materials Under the 
Federal Food and Drugs Act * 


Several court decisions have been handed down recently which 
arc of such importance in their possible application to the beverage 
industry that all bottlers, officers of beverage supply houses and 
others connected with the industry should be fully informed regard- 
ing them. Moreover, the Bureau of Chemistry is constantly com- 
menting, from the standpoint of the Federal Food and Drugs Act, on 
the suitability of the labeling of specific beverages and beverage ma- 
terials, and it is highly desirable that the trade and State food and 
drug officials be advised in a general way as to the progress which 
is being made in the enforcement of the act, as applied to these 
products. 

One of the court decisions referred to above is that handed down 
recently by the Supreme Court of the United States of America, 
Petitioner vs. Ninety-five barrels (more or less) alleged apple cider 
vinegar. Mr. Justice Butler in delivering the opinion of the court 
made the following statement, among others: 


“The statute is plain and direct. Its comprehensive terms condemn every 
statement, design, and device which may mislead or deceive. Deception may 
result from the use of statements not technically false or which may be literally 
true. The aim of the statute is to prevent that resulting from _ indirection and 
ambiguity as well as from statements which are false. _ It is not difficult to choose 
statements, designs, and devices which will not deceive. Those which are am- 
biguous and liable to mislead should be read favorably to the accomplishment 
of the purpose of the act. The statute applies to food and the ingredients and 
substances contained therein. It was enacted to enable purchasers to buy food 
for what it really is.” 


Even the layman will immediately recognize that the above state- 
ment, coming from the Supreme Court of the United States, is of the 
greatest importance, since it will assist materially in determining 
whether or not the act is being violated when vague and ambiguous 
statements which are liable to mislead are made on the labels of 
beverages, beverage materials and other food. 


* Based on a paper presented at a recent meeting of food officials at Philadelphia, 
Pa. by J. W. Sale, Chemist in Charge, Water & Beverage Laboratory, Bureau of 
Chemistry, U. S. * ' 
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The lower courts have taken cognizance of the above quoted state- 
ment emanating from the Supreme Court as indicated by the court’s 
ruling in the case United States of America vs. Mcllvaine Urotlu'rs, 
a corporation. In this ruling Judge Dickinson made the following 
statements, among others: 

'Tortimately, the Supreme Court of the United States in the Apple Cid(‘r 
Vinegar case (No, 599, October Term,, 1923), not yet reported, has elairted th(^ 
course to be followed. The general rule is that the Act of Congress should l)e so 
read as to further the accomplishment of its purpOKScs, and that; not only any 
branding which is niish'.-uling or liable to mislead but also any which is a,iu- 
biguous should be \'isii('d with the condemnation of the Act. Following the 
course^ thus indicatr'd. we encounter the fact finding now made that t,h(‘ bnuuling 
first given iliis ; ■:-od'.:c-. has the vice of ambiguity in that atthough it is not. ex- 
pressly stated that the product is what is known to tlu^ trade as powdma'd 
colocynth and it is stated that it is powdered colocynth api)le, ycd. it is non<^ the 
less true that the difference in the product is not so stated as to command attim- 
tion to the fact that there is a difference but is so sta,t.ed that the diff(?r(mc() may 
be overlooked and the purchaser be buying one product with the thouglit in his 
mind that he is iDuying another. As we interpret the spirit and true m(‘auing of 
the ruling cited, it is that a branding which is misleading because of its ambiguily 
is as much within the inhibition of the statute as if ii was misleading in stal.o 
ment.” 

During the last five years, so many claims of one sort or another 
have been made which are designed to lead consumers to believe that 
most beverages contain a high content of fruit, or fruit .juice, that 
one is rather skeptical nowadays with regard to the truthfulness of 
placards advertising real fruit beverages. It is indeed an unfortunate 
situation when people are unable to distinguish from the crown caps, 
bottle labels, soda fountain hangers, bill boards or ncws])apor adver- 
tising, between beverages which contain substantial amounts of fruit, 
those which are merely fruit fiavored, and those which are artificially 
fiavored. It can not be denied that there is a marked tendency among 
supply houses and among bottlers and proprietors of soda fountains 
to advertise their products in such a way as to make them appear 
better than they really are; that is, imitation fruit beverages arc 
represented to be genuine; beverages which are merely fruit flavored 
are represented to be beverages which contain substantial amounts of 
fruit juice; and beverages which contain substantial amounts of 
fruit juice are frequently represented to be 100 percent fruit juice. 

The Federal Food and Drugs Act and most State laws are suf- 
ficiently broad to prevent a considerable part of such misinterpretation, 
and it is up to the enforcement officials to apply the laws in such a way 
as to give the purchaser a square deal. The interstate shipment is 
the first of a series of negotiations, and if the labeling of the inter- 
state shipment is truthful, then the bottler or the soda fountain pro- 
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prietor will have no excuse to misbrand the beverages which he 
manufactures from the flavoring syrup shipped in interstate com- 
merce, and State and city inspectors will have a source of information 
as to the composition of the finished products. It has been represented 
to the Bureau of Chemistry on several occasions that if an imitation 
fruit flavor is labeled by a distinctive name such as '^Lot No. 4,^’ no 
one is deceived or misled because the purchaser knows what he is 
getting and the goods do not reach the ultimate consumer. However, 
if imitation flavoring preparations are not required to be labeled as 
imitations in strict compliance with the law, then the opportunity 
is lost of informing State inspectors of the character of the flavor, 
and of preventing the bottler from excusing the misbranding of his 
beverages on the ground that he thought he was using true fruit 
flavor. 

Classification of Beverages 

In considering the legality of beverage labels, we have found it 
useful to divide beverage flavors and beverages into approximately 
four main classes, as follows: 

Class 1 — Fruit juice. 

Class 2 — Soda fountain syrups and beverages made from them. 

Class 3 — Bottlers^ flavors and bottlers’ carbonated beverages. 

Class 4 — Powdered flavors for general household use. 

Class 1 — Fruit Juice Beverages 

In Class 1 we have (a) straight fruit juices such as apple juice or 
cider and grape juice, etc., and (b) fruit juice with added sugar or 
added acid, including loganberry juice, some grape juices and the 
like* 

Most of the beverages in Class 1 are being labeled in compliance 
with the law, and when they are not, the regulatory official will have 
little difficulty in deciding what constitutes suitable labeling for them. 

Several years ago complaints were made to the Bureau that grape 
juice was being adulterated with artificial flavor. The Bureau made 
a careful examination of the majority of bottled grape juices on the 
market and did not find any that contained synthetic flavor. Gen- 
erally speaking, the presence of added sugar should be declared on 
the label of grape juice and other fruit juices, in strict accord with 
Item 187, which reads as follows: 

'^Sugar added to grape juice, loganberry juice or other fruit juice 
should be declared upon the label. Articles labeled as grape juice, 
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loganberry Juice, or as the juice of any fruit, are adulterated if they 
contain added water.” Added acid should also be declared on the 
labels of bottled fruit juices. The labels of these products may prop- 
erly bear designs of fruit such as clusters of dripping grapes. 

Class 2 — Soda Fountain Syrups and Beverages Made from Them. 

In Class 2, we have (a) concentrated fruit juice; (b) fniit syrups; 
and (c) fruit flavored syrups. 

(а) Concentrated Fruit Juice. — ^The first subdivision, (a) concen- 
trated fruit juice, is represented by commercial concentrated orange 
juice filtered and unfiltered. This juice is prepared by evaporating 
either filtered or unfiltered orange juice in glass-lined vacuum pans 
under a vacuum of at least 28 inches to a density of 72° Brix meas- 
ured at a temperature of 38 to 40° C. The article contains no added 
sugar or other added ingredients, and the directions for use are as 
follows: Add to one volume of the concentrated juice three-quarters 
gallon simple syrup, 9i/4 gallons ice water, and from 0.005 to 0.01 per- 
cent of emulsified oil of orange. The resulting beverage will contain 
concentrated orange juice equivalent to 65 percent of raw juice. It 
is, of course, proper to make claims of content of fruit juice in articles 
of this type and to employ designs of fruit on the label. It is be- 
lieved that you will have no difficulty in deciding as to what con- 
stitutes a proper label for articles of this kind, since there is not 
involved the question as to whether or not they are imitations. 

(б) Fruit Syrups. — ^We now come to subdivision (b) fruit syrups, 
in Class 2, about which there may be some measure of doubt as to 
suitable labeling. Pending the formulation of definitions and stand- 
ards for fruit syrups, the Bureau holds that an article designated 
without modification as a fruit syrup should contain not less than 
33% percent by weight of fruit juice and not less than 50 percent by 
weight of sugar, with no added water or other ingredients. This defi- 
nition was formulated several years ago and up to the present time has 
successfully withstood the bombardment of many objections by firms 
who wished to employ something less than the 33% percent by weight 
of fruit juice in their products, although the definition has never 
been tested in court. 

One of the most important questions that have been raised in con- 
nection with this definition has been that of the dilution to which the 
fruit syrup is to be subjected. Some fruit syrups intended for use at 
soda fountains are subjected to a dilution of only 1 to 5 or 6 in the 
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manufacture of the finished drink, while others are subjected to a 
dilution with simple sugar syrup of 1 to 2 or 3 and again to a dilution 
of 1 to 5 or 6 water, making a total dilution of approximately 1 to 
10 or 18. Still other fruit syrups are subjected to even higher dilutions. 
Does the 33% percent standard apply equally to all syrups regardless 
of their dilution? Our reply to such inquiries is that a decision as to 
the propriety of the labeling must be based on the complete composi- 
tion of the product, and upon the character of directions which appear 
on the label or which are supplied separately to bottlers. If the bev- 
erage made from the fruit syrup is to be labeled in such a manner as to 
indicate that it contains fruit juice, then the fruit syrup should con- 
tain not only the required 33% percent of fruit juice, but should be 
employed in such a manner that the beverage manufactured from it 
according to the directions of the manufacturer will contain a sub- 
stantial amount of fruit juice. In other words, a syrup which is so 
reinforced with essential oils that it is necessary to dilute it 10 times 
or more before it is fit to drink is considered to be misbranded if 
labeled as a fruit syrup even though it contains 33% percent of fruit 
juice. This comment applies also to bottlers^ flavors in Class 3. 

Item 357, ^Xabeling of Clear and Cloudy Fruit Flavored Bever- 
ages,^’ which applies to genuine and imitation fruit beverages, reads as 
follows: 

“Terms such as ^ade/ Squash/ 'punch/ 'crush/ and 'smash’ can be applied 
properly only to beverages, either still or carbonated, which contain the juice 
or edible portion of a fruit. These terms should not be applied to products 
flavored only with essential oils or essences, unless plainly labeled as imitations. 
The Food and Drugs Act requires an imitation to be labeled with the word 
'imitation,^ together with a statement showing wherein it is an imitation, which 
oi-diiairily requires a declaration of those ingredients, such, for example, as es- 
sential oil, citric acid, and artificial color, giving the article its principal char- 
acteristics. 

“It is further held that any turbid or 'cloudy’ orange, or other fruit-flavored 
beverage, which does not contain either an appreciable quantity of the juice 
or the edible portion of orange or other fruit named, should be labeled plainly 
as an imitation.” 

Most fruit syrups contain added acid and color and the presence 
of these added ingredients should, of course, be declared on the label in 
a plain and conspicuous manner. There are quite a few products of 
this class on the market and they are high grade preparations. The 
labels of these products, in common with the labels of straight fruit 
juice and of concentrated fruit juice, may properly bear designs of 
fruit. It is quite important, however, that the labels of these products 
do not mislead the purchaser into believing that he is getting a con- 
centrated fruit juice. The viscosity of fruit syrups and their general 
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appearance are such that it is comparatively easy to mistake them for 
concentrated fruit juices. The word '^syrup'^ on products of this type 
is considered to explain satisfactorily the presence of added sugar. 

(c) Fruit Flavored Syrups.— This brings us to a consideration of 
subdivision (c) fruit flavored syrups, in Class 2. To tins class belong 
syrups flavored with essential oils or with fruit juice wliicli is present 
to a lesser extent than 331/3 percent by weight or with flavor derivcMl 
wholly and without chemical change from fiaiit. These products 
should have the characteristic flavor of the fruit after which they arc^ 
named and they should be plainly designated as fruit flavored syrups. 
From one point of view, when orange extract or orange einulsioTi is 
added to a sugar syrup, there is produced an orange syrup. Howc'ver, 
owing to the fact that the name ''Orange Syrup^' may lead some into 
believing that the article is orange fruit syrup, we much ])refer that 
articles of this sort be designated plainly, as oranged flavored syrups. 

It is customary to employ artificial color in fruit flavored syrups for 
the reason that there is not sufficient of the fruit present in the article's 
to give them the desired color, and when artificial color is used it 
should be declared in a plain and conspicuous manner. If it is pro- 
posed to add artificial flavor, in addition to artificial color, tlien in 
practically all cases there is produced, from the standpoint of the law, 
not a fruit flavored syrup artificially flavored and colored, l)ut an imi- 
tation fruit syrup, which should be labeled with the word "imitatiorfl’ 
and the explanatory statement. It is conceivable that so little syn- 
thetic flavor may be added to products of this type that the predomi- 
nating flavor of the article is genuine fruit flavor, but as a matter of 
fact, owing to the great difference in flavoring power between the 
natural fruit flavors and synthetic fruit flavors, the amount of syn- 
thetics which are ordinarily used is such that the predomimmt flavor of 
the resulting product is due to the artificial flavor rather than to the 
natural flavor. 

In such cases, and they constitute a vast majority, the article which 
we have to consider is an artificially flavored and artificially colored 
sugar syrup with only a negligible amount of true fruit flavor, A 
product of this type is unquestionably an imitation under thc^ law and 
should be labeled as such in strict accord with the law, as iut(U‘i)retcd 
by regulation 20 (a) in Circular 21, which, in order to refresh your 
minds, I will read to you. Regulation 20 (a) "An imitation sludl bear 
on the label the word 'imitation,^ and, in addition, a clear statement 
of the principal or essential ingredients of the article.'^ The Ix'vc'rjigc'.s 
made from fruit flavored syrups are of course, merely fruit flavored 
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beverages and^ should be labeled in such a manner that they will not 
be mistaken for beverages containing substantial amounts of fruit 
juice. Fruit flavored beverages look and taste so much like fruit 
juic.c pioducts that it is easy to palm them off as fruit drinks. 

We receive many inquiries as to the propriety of labeling a sugar 
syrup flavored with cocoa as chocolate syrup. Oftentimes, these syrups 
contain added vanillin. It has long been the practice to label articles 
of this type as chocolate syrups, and pending the adoption of standards 
lor such products, the Bureau has advised correspondents that it is not 
disposed to object to the labeling of soda fountain syrups made from 
sugar and water and powdered cocoa as chocolate syrup, provided the 
article contains not less than 50 percent by weight of sugar and has a 
substantial chocolate flavor. 

Class 3— Bottlers’ Flavors and Bottlers’ Carbonated Beverages 

Item 357, to which reference has already been made, applies to 
products of Class 3 also. While this item refers to beverages specifi- 
cally, it may be applied in principle to the flavors from which bever- 
ages arc manufactured. Bottlers’ flavors may be divided into the fol- 
lowing subdivision, those made (a) from citrus or other essential oils; 
(b) from extractives such as ginger ale, root beer, etc.; (c) from genu- 
ine fruit flavors; (d) from imitation fruit flavors. 

(a) Bottlers’ Flavors Made from Citrus or Other Essential Oils . — 
Bottled sodas flavored with citrus oils such as orange, lemon and lime 
sodas, may be designated propqrly by the name of the fruit, provided 
they arc not cloudy, thus simulating the appearance of fruit juice 
and provided further that no claims of fruit juice content are made 
for them in collateral advertising, such as soda fountain hangers, bill- 
boards, newspapers, magazines, etc. Specific authority is not granted 
by the Federal Food and Drugs Act to develop action based on mis- 
leading claims made in collateral advertising. However, if statements 
are made on the labels of interstate shipments, which are capable of 
more than one interpretation, it is our custom to accept the meaning 
conveyed by the manufacturer in his collateral advertising. In this 
way collateral advertising may sometimes prove quite useful. De- 
signs of fruit should not be placed on the labels of products belonging 
to this subdivision since at most they contain merely a little fruit 
flavor and do not contain any fruit juice, as such designs would 
readily lead one to believe. 

(£>) Bottlers’ Flavors Made from Extractives. — ^With regard to sub- 
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division (b) it is believed that little discussion is necessary for the rea- 
son that the Bureau has issued standards for ginger ale and sarsapa- 
rilla. The Bureau has advised correspondents that it will take no ac- 
tion against sarsaparilla because it contains undeclared caramel color, 
pending a reconsideration of the standard for sarsaparilla in Circular 
136 by the Joint Committee on Definitions and Standards. There 
may be some question as to the proper labeling of root beer. No stand- 
ards have been promulgated for root beer or for birch beer. Pending 
the formulation of such standards, the Bureau has advised correspond- 
ents that it will take no action against root beer or birch beer winch 
contains undeclared caramel color, provided the articles otherwise meet 
the requirements of the Federal Food and Drugs Act. 

(c) Bottlers^ Flavors Made jrom Genuine Fruit Flavors,— The 
number of beverages belonging to subdivision (c), that is, those whose 
flavor is true fruit, seems to be gradually increasing. This is a field for 
careful research. We have had occasion to doubt that some of the 
flavors alleged to be true fruit are derived wholly and without chemical 
change from fruit, but this is a rather difiicult matter to prove. It is 
a comparatively simple matter to take, for example, some dried 
peaches and to extract them with dilute alcohol and to fortify the prod- 
uct obtained with minute amounts of synthetic^. When such a prod- 
uct is labeled as a true fruit flavor, it is difficult indeed for the chemist 
to detect the sophistication; in fact, it is impossible to do so if he has 
at hand only samples of the finished beverages. 

Information which we have obtained in connection with the en- 
forcement of the Federal Food and Drugs Act has convinced us tlmt 
practically all of the so-called grape flavors for bottlers^ use are in 
fact grape wine to which has been added oil of cognac and methyl 
anthranilate. Sometimes there is used in place of the oil of cognac a 
distillate of the skins, leaves and twigs of the grape. Such a product, 
to our mind, is not grape flavor, but is essentially an imitation grape 
flavor and should be labeled in strict accord with the law as inter- 
preted by regulation 29 (a). Grape wine flavor is not grape flavor and 
is not considered to be such by the average person, but, on the contrary, 
is generally recognized as being an entirely separate article from grape 
" flavor. So far as I am aware, there am no true grape flavors for bot- 
tlers’ use on the market, although there may be several that are alleged 
to be of this type. An article which is entitled to be labeled ^‘grape 
flavor” without modification should be derived wholly and without 
chemical change from grapes or grape juice. 
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{d) Bottlers^ Flavors Made from Imitation Fruit Flavors. — great 
many bottlers’ flavors and bottled sodas belong to subdivision (d) imi- 
tation fruit beverages. Bottled .sodas which are artificially flavored 
and colored in imitation of a fruit drink are, without doubt, imitations 
under the act, and should be labeled with the word “Imitation,” which, 
in our opinion, should directly precede the name of the fruit and should 
be in type of approximately the same size and prominence as the name 
of the fruit. Artificial color, when present in beverages in Class 3, 
should be declared plainly and conspicuously on the label. 

Class 4 — Powdered Flavors for Household Use. 

These products in Class 4 generally consist of a fruit acid such as 
citric or tartaric, sugar, and a coal tar or vegetable dye. The great 
majority are imitation fruit preparations and should be labeled as 
such without equivocation. However, an important exception is pow- 
dered lemon juice, manufactured by the spray process. It is believed 
that there will be little difficulty in deciding as to suitable labels for 
products of this class. Of course, all of these beverages and beverage 
preparations are food and should bear a suitable declaration of quan- 
tity of contents, in accordance with Regulation 26 in Circular 21 and 
with Itejn 382. 

Other items of interest in connection with the labeling of beverages 
are the proper use of distinctive names, the use of names such as punch, 
julep, nectar, etc., the question of caffeine, and of saccharin, etc. A 
full discussion of all of these points would lengthen this paper unduly. 
The Bureau is always ready and pleased to answer inquiries regarding 
the labeling of beverages and other food. The exchange of opinions 
along this line can not fail to be of mutual advantage. 

Author’s Note: The “Items” referred to above are opinions and 
decisions published in various “Service and Regulatory Announce- 
ments” issued by the U. S. Bureau of Chemistry in connection with the 
duties imposed upon said Bureau by the Food and Drugs Act. “Circu- 
lar 21” is the pamphlet giving the “Rules and Regulations” for the 
enforcement of the Food and Drugs Act. 
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A 


Acetic acid, 79, 95, 105 
(glacial), 95 
(5Xtracts, 108, 128 
fermentation, 79, 81 
Acetylmethylcarbinol, 82. 113 
A(!id, acetic, 79, 95, 105 
arachidic, 155, 167 
butyric, 134 
capric, 166, 169 
caproic, 166, 169 
caprylic, 166 , 169 
citric, 12, 97, 129 
formic, 82, 84, 90, 12S 
gluconic, 82 
hypogscic, 166, 167 
lactic, 77, 81, 134 
lauric, 155, 169 
lignoceric, 155, 167 
linoleio, 155, 168 
malic, 12, 66, 77 
myristic, 155, 169 
oleic, 155, 162, 16S 
palmitic, 155, 170 
stearic, 155 , 170 
succinic, 12, 76 
sulfuric, 126 
sulfurous, 17 
tannic, 66, 179, 193 
tartaric, 12, 27, 125 
Acid No. of fatty oils, 157 
Acid potassium tartrate, 27, 125 
Acidity (fixed) of vinegar, 120 
(total) of vinegar, 119 
tester, 104 

Alcohol, 76, 83, HO . ^ 

Alcoholic fermentation, 75, 77 

Alcohol precipitate (vinegars), 124 

Allspice, 179 , 180 

Allyl isothiocyanate, 202 

Allyl Bulfocyanide, 202 

Anise, 181 , , 

A. 0, A. C. food standards, 110 
A. 0. A. C. methods of analysis, 110 
Apple acid, 66, 71, 77 
ash, 64 
browning, 13 
butter, 47 


Apple acid, 
cider, 78 
standard, 77 
(dried), 17, 19 
esters, 66 

(evaporated), 15, 17, 19 
flavor, 66 

(fresh), 10, 16, 63, 6i 
(green) juice, 72 
jam, 45 
jelly, 41 

juice (composition), 23, 71 
fermentation, 77, 81 
polarization, 72 
standard, 22, 69 
pectin, 55, 56, 67 
pomace, 69, 70 
cider, 78 
pressing, 68 
respiration, 10 
ripening, 10, 68 
‘^second pressing,” 72 
vinegar, 58, 61, % 109 
wine, 78 

vinegar adulteration, 63, 85 
ash alkalinity, 84 
ash phosphate, 84, 118 
(composition), 84 
standards, 61, 83 
Apricot, 16, 23 
(dried), 19 

jam (composition), 45 
Arachis oil, 167 


B 

Bacterium Pasteurianun, 60, 79 
xylinum, 60 79, 81 
Banana, 16 

Bar-le-Duc preserve, 44, 46 
Barley malt, 91 
Bay leaf, 181 
Beer vinegar, 90 
Beer wort, 91 

Beverages (carbonated) manufacture, 
235 et seq. 

labeling of, 263 et seq. 
materials, 263 et seq. 
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Blackberry, 16, 23 
jam, 45 
jelly, 41 

Black currant jam, 45 

Black or Brown mustard seed, 136, 139, 

m 

Black pepper, 209, 211 
Breakfast cocoa, 172 
Brassica campestris, 138, 139 
cernua, 137, 139, 203, 204 
jimcea, 136, 139 
napus, 139 
nigra, 136, 139, 204 
rugosa, 139 

Brooks Acidity Tester, 104 
Browning of fruits, 13 
Bridle test, 166 
Butyric acid, 134 

Butyro-refractometer data on oils, 157, 
159 

C 

Cacao beans, 172, 176 
Cacao nibs, 172, 176 
Cacao products, legal chemistry of, 172 
et seq. 

standards, 172 
Canned fruit, 15, 47 et seq. 
analyses, 48 
grading, 47 
standard, 47 

Cantaloupe maturity data, 50, 51 
Capers, 181 
Capsicin, 182 
Capsicums, 182 
Caraway, 181 

Carbonated fruit beverages, 235 et seq., 
243 

Cardamon, 181 

Cask fermentation vs. generators, 61, 
74 

Cassia, 190, 191 
Cassia buds, 191, 192 
Catsup (tomato), 128 et seq. 
composition, 132 
from spoiled tomatoes, 135 
molds, yeasts, etc., 133 
standard, 129 
Cayenne, 182, 183 
Celery seed, 190 
Cellulose, 9, 11, 65 
Charlock, 137, 139 
Cherries, 16, 23 
Cherry juice, 23 
Chillies, 183 

Chinese yellow mustard, 137, 139 
Chocolate, 172, 176 
(alkalized), 175 


Chocolate 

(Dutch Process), 175 
(milk), 176 
(sweet), 176 
Chlorophyl, 160 
Cholesterol, 156 
Cider, 78 
Cider apples, 67 
Cider jelly, 73 
Cider standard, 77 
Cider vinegar, 58, 61, 6^, 109 
Cider vinegar adultera-tiou, (Ki, S5 
ash alkalinity, 84 
ash phosi)hates, 84, 118 
composition, 84 
standards, 61, 83 
(underformented) , 85 
Cinnamon, 190, 191 
Cinnamon (Saigon), 190 
Cinnamic aldehyde, 190, 191 
Citric acid, 12 
Citrus fruits (frozen), 14 
ripening, 11 
standards, 14 
Citrus marmalades, 44, 46 
Citrus pectin, 55, 56, 57 
Cloves, 193, 194 
Clove oil, 193 
Clove stems, 195 
Cocoa, 172, 176 
(alkalized), 175 
butter, 170 
(Dutch Process), 175 
(milk), 176 
Kshells, 176 
standards, 172 
(sweet), 176 
Coconut oil, 169 
Cold pack fruit, 15 
Color of vinegar, 121, 122 
Colza, 138, 139 
Colza oil, 168 

Commercial maturity of fruite, 49 et 
seq. 

Condimental mmces, 128 et sc^q. 
Condiments, 178 
Constants of fatty oils, 158, 159 
Coriander, 195 
Corn oil, 166 
Cottonseed oil, 165 
Crab apple jelly, 41 
Cranberry jelly, 41 
Crude fiber, 11, 66 
(in cacao products), 174 
(in spices), 183 
Cumin seed, 195 
Curcuma, 215 
Currants, 16, 19, 23 
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Currant (black), 45 
Currant jam, 45 
Currant jelly, 41 
Currant juice, 23 
Curry powder, 215 


D 

Doalcoholized wines, 32 
Dehydrated fruits, 14 
Dextrin, 91, 114, 116, 127 
Dextrorotatory, 65 
Dextrose (d-glucose), 65 
Diastase (malt), 91 
Dill seed, 196 
Distilled vinegar, 58, 94 
Dominant fermentation, 75 
Dried apple vinegar, 58, 62 
Dried fruits, 14 et seq. 
(sulfur tolerance), 17 
(weight losses), 18, 19 


E 

Edible oils, legal chemistry of, 155 et 
seq. 

standard, 155 
Egg albumin, 146 
Egg.yolk, 146, 161, 254, 259 
fat, 147 
(frozen), 146 
Esters (apple), 66 
(fruit), 13 
(vinegar), 121 
Emulsification speed, 260 ' 

Emulsions, 254-5 
Eugcnol, 190, 193 
pywmyactcG, 60 

Eva,])orated apples, 15, 17, 19 
fruits, 14 

Exhausted ginger, 198 


F 

Fatty acids, 155, 156 
(Iodine No. of), 159 
Fatty oils, 155, 156, 168, 169 

(Butyro-refractometer data), 159 
constants, 158, 159 
iodine abso^tion, 154 , 169 
Fatty oil iodine No., 159 
Maumene, No., 157, 169 
melting points, 157, 168 
refractive indices, 157, 169 
saponification No., 157 , 168 
specific gravity data, 158 ^ 
specific temperature reaction, 159 


Fennel seed, 196 
Fermentation (acetic), 79, 81 
(alcoholic), 75, 77 
(dominant), 75 
Fermented pomace, 10, 78 
cider, 78 
Figs, 16 
(dried), 20 
(labeling of), 15 
marmalade, 45 
Filled milks, 169 
Formic acid, 8B, 84, 90 
Fruit acids, 12 
ash, 13 

butters, 43, 47 
cells, 9 

(dehydrated), 14 
(canned), 15 
(cold pack), 15 
concentrates, 31 
(dried), 14 et seq. 

pQ+PfC 1 ^ 

(evaporated), 14, 17, 233 
flavors, 13 
(fresh), 14 et seq. 
jams, 42 et seq. 

(composition), 45 
(standard), 43 
jellies, 35 et seq. 
(composition), 41 
(standard), 39 
juice, 21 et seq, 
beverages, 235 
(carbonated), 30, BS6 
(cold storage), 29 
(composition), 23 
concentration, 29, 34, B41 
flavor retention, 28 
ffeezing, 34 
pasteurization, 24 
pressing, 26, 68 
preservation, 26 et seq. 
standard, 22 
marmalades, 42, 45 ^ 
maturity (commercial), 49, 60 
preserves, 42, 43, 45, 46 
products standards, 233 
punch, crush, ade, etc., 31 
(respiration of), 10 
(ripening of), 10, 11 
(rotting of), 10 
standards, 14, 233 
sugar, 65 

(sun dried), 14, 233 
(sweating of), 10 
syrups, 31 et seq. 

Fruits (composition of), 16 
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G 

Generator process vinegar, 61 
Ginger, 196, 197 
ale residue, 198 
(black), 196 
(bleached), 197 
(decorticated), 196 
extract residue, 198 
(exhausted), 198 
(Jamaica), 197 
(limed), 197 
oil, 196 
(white), 196 
Gingili oil, 167 
Glacial acetic acid, 95 
Gluconic acid, 82 
Glucose, 53 
fruit jams, 47 
fruit jellies, 42 
vinegar, 59, 96 

Glycerin (glycerol), 76, 84, 111 
losses in vinegar, 81 
esters, 155 
Glycerids, 155 
Gooseberry jam, 45 
Grain vinegar, 58, 94 
Grapefruit, 11, 14, 16 
marmalade, 45 
standards, 11, 14 
Grape jam, 45 
jelly, 41 

Grape juice, 23, Sd, 27, 86 
concentrates, 88 
esters, 26 
manufacture, 25 
standard, 25 
Grapes, 16 
Grape vinegar, 88 
wines, 87 
standard, 87 
Guava, 16 
jam, 45 
jelly, 41 
Gyle, 92 

H 

Halphen test, 166 
Honey dew melons, 51 
Honey vinegar, 59, 96 
Horseradish, 199 
Huckleberry jelly, 41 
juice, 23 

Hydrogen ion concentration, 252 

I 

Imitation jams labeling, 44 
Imitation jellies labeling, 12 


Index of refraction, 157, 169 
Ink formation in vinega,r, 126 
Inositol, 90 
Insoluble solids, 11 ^ 

Interiu-etation of vinog:ir analysis, 109 
et seq. 

Invertaso, 05, 76 
Invei’t sugar, 52, 66 
lodiin^ absorjii ion. 157, 169 
of paprika, fat, ISO, Jf<S7, 188 

J 

Jams, 42 ot seq. 

(composition), 45 
(standards), 43, 9B9 
(glucostO, 47, 234 
J('lli('s (fniilj, 35 (it stap 
(composition), 41 
(glucose), 42, 234 
(imitation), 12 
(sl.a.n(lanls), 39, 234 
Jelly making rukis, 86, 38, 246-7 
theories, 35, 30 
sugars, 40, 52 

K 

Kings paprika, 184 
Ko('nigspa.t)rika., 184 
Koettstorfor No., 160 

L 

Lactic acid, 77, 81, 134 
“Lactart,” 38, 40 
Lciad number *(Gana,dian), 226, 
(Winton’s), 226, 997 
Lead pnanpitatci, 115 
Lecithin-phos])horic acid, 147, I 48 , 151 
Lemon jelly, 41 
Lemon juice, 23 
marmalade, 45 
Lemons, 16, 23 
Lovorotatory, 65 
Levulos(\ 66, 76 
Tagnin, 65 
Linui juic.e, 2B, 24 
Linuis, 10, 23 
Loganlxa-ry juice, 23 
syrups, 33 

Long pepper, 219, 220 
^'Low wines,” 58 

M 

Mace, 199, 200 
(Bombay), 200, 201 
(Macassar), 200, 201 
(Papua), 200, 201 
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analytical data on the product. 


Maize oil, 166 
Malic acid, 12, 66, 77, 225 
losses, 77, 79, 81 
Malt diastase, 91 
Malted barley, 91 
Maltose, 90, 91 
Malt vinegar, 90 
composition, 93 
polarization, 93, W 
standard, 91 
Malt wort, 92 
Mamey Colorado, 16 
Mainey Santo Domingo, 16 
Mango, 16 

Maple (concrete), 229 
malic acid, 227, 229 
products legal chemistry, 224 et seq. 
sap, 228 
ash, 230 
syrup, 225, B26 
sugar, 228, 229 
a,(lultera,nts, 232 
l(ia.<i numbers, 229 
moisture data, 229 
syrups, 231 
syrup, 224, 229 
ash data, 227, 230 
load numbers, 227 
Marjoram, 201 
Marc, 11 

Marmalades (composition), 45 
(standard), 44 

Maturity of fruits (commercial), 49 
Maurnene number, 157, 159 
Mayonnaise,* 145 , 148 
emulsions, 255, 260 
manufacture, 254 et seq. 
research, 258 et seq. 

Metals (in vinegars), 126 
Melting points, 157, 158 
Micrococcus malolacticus, 77 
Milk chocolate, 176 
cocoa, 176 

Mineral acids (in vinegar), 126 
Molasses vinegar, 95 
Mother cloves, 193 
Muscovado sugar, 232 
Mustard, 139, W, W6 
bran, 142, 204 
cake, 141, 205 
fatty oil, 202 
flour, 139, 140, m 
meal, 139, 205 
(prepared), 136 et seq. 

(prepared) composition, 144 
(prepared) standard, 142 
seed, 202, 204 

(black and brown), 136, 189, 141 


Mustard, 

(Chinese), 137, 189, 203 
(Oriental), 137, 139, 203 
standards, 136 
(white), 136, 189, I 4 I 
volatile oil, 137, 144, 202 
Mycoderma aceti, 60, 79 
Myrosin, 202 


N 

Non-alcoholic cordials, 32 
wines, 32 

Non-sugar solids, 52, 82 

Nutmeg, 207, 208 
(long), 207 
(male), 207 
(Macassar), 207 
(Papua), 207 
volatile oil, 208 


0 


Olease, 155 
Olein, 155 

Olive oil, 160 et seq. 
(free acidity), 161 
misbranding, 161, 162 
(old), 165 
in paprika, 187 
rancidity, 163 
standard, 161 
Orange, 11, 14, 16, 23 
(immature), 14 
jelly, 41 
juice, 23, 98 
esters, 28 
marmalade, 45 
(ripening of), 11 
standards, 14 
vinegar, 59, 97, 98 
wine, 98 

Orleans process, 89 


P 


Palmitin, 155 
Palm oil, 169 
Paprika, 184 et seq. 
(Hungarian), 184, 186 
(Spanish), 185, 188 
Peach, 16, 23, 1.00 
cider, 99 
(dried), 20 
jam, 45 
jelly, 41 
juice, 23, 99 
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Peach, 

. (peeled), 15 
vinegar, 100 
wine, 99 

Peanut butter, 167 
oil, 167 
Pear, 16 
(dried), 20 
jam, 45 
jelly, 41 

Pectin, 11, 12, 35, 54, 57 
(apple), 55, 56, 57 
(citrus), 55, 56, 57 
composition, 5/ 
content of fruits, 54, 55 
(legality of), 12, 39 
Pentosans, 78, 83, 84, 1^, 190 
Pepper (black), 209, 211 
(black Acheen), 211 
(black Allepey), 211 
(black Lampong), 211 
(black Malabar), 211 
(black Mangalore), 211 
(black Singapore), 211 
(black Shot), 211 
(black Tellichery), 211 
(black Trang), 211 
(long), 214, 220 
shells, 212, 21S 
(white), 216, 218 
(white. Coriander), 218 
(white Decorticated), 218 
(white Penang), 218 
(white Siam), 218 
(white Singapore), 218 
(white Tellichery), 218 
Perry, 21 
Persimmons, 16 
Phytosterol, 156 
Pimento, 179, 180 
Pimenton, 185, 188 
Pimienton, 185 
Pineapple, 16, 23 
(grated), 15 
jam, 45 
jelly, 41 
juice, 23 
marmalade, 45 
vinegar, 96 
Plum, 16 
jam, 45 

jam (Green Gage), 45 
jelly, 41 

Polariscope, 65, 115 
Polarization, 115 
Pomegranate juice, 239 
Poppy seed, 212 
Poppyseed oil, 169 


Prepared Mustard, 136 ct stHp 
(composition), 144 
(standard), 142 
Preserves, 42 et scq. 
(composition), 46 
(standard), 43 
Pressing of apples, 68 
fruits, 26 
Preservatives, 24 
Protein, 66 
Prunes, 20 

Prune vinegar, 59, 96 

Q 

(iuercitannic acid, 171), 194 
(iuick process vin(‘gar, 61 
Quince juice, 23 


E 



Radish oil, 168 
Raisins, 20 
Raisin vinegar, 100 
Rancidity, 156, 108 
Rape oil, 168 
Rape seeds, 138, ISO 
(yellow), 138, ISO 
Raspberry, 16, 23 
jam, 45 
jelly, 41 
juice, 23 

Reducing sugars, 65 
Red wine vinegar, 89 
Respiration of fruits, 10 
Ripening of fruits, 10 
Rose paprika, 184 
Rotting of fruit, 10 
Rozeni)aprik!i, 184 
Rozsapaprika, 184 

S 

adulterants, 214 
Sage, 214 
(Greek), 215 
(Spanish), 215 
Saigon cinnamon, 190 
Salad Dressing, 145 et seq. 
composition, 148 
oil, 147 
Salad oil, 161 
Saponification, 156 
No. of oils, 157, m, 160 
Sapota, 16 
Sarson, 139 
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Sauces (condimental), 128 et seq. 
Savory, 215 

Second pressing, 24, 62, 69, 72, 88 
S(H4cer ether extract, 187 
Sesame oil, 167 
Sinalbin, 202 
STnapin sulfocyanid, 202 
Sinnpis alba, 136, 139, 204 
Srnapk arvensis, 137, 139 
Sinigrin, 202 
Sitosterol, 166 
Small cider, 78 
Soap, 156 
‘‘Soda,” 33 
Soy bean oil, 170 
Soy beans, 152, 163 
sauce, 152, 163 

Specific gravity of oils, 157, 168 
ti'mpcrature reaction, 157, 169 
Spices, legal chemistry of, 178 et seq. 

(valimtion of), 221 
Spirit vinegar, 68, 94, 96 
Star aniseed, 215 
Starch (in fruits), 65 
(in salad dressings), 149 
(in spices), 179 et seq. 

State ^ vinegar standards (old), 61 
Stearin, 155 
Strawberry, 16, 23 
Jam, 45 
jelly, 41 
juice, 23 
Sucrose, 65 
Sugar, 65 

Sugar vinegar, 3Q, -94 
Sugars (in jellies and jams), 52, 252 
(in vinegar), 112 
Sulfur dioxid in dried fruits, 17 
Sulfuric acid in vinegars, 126 
Sulfurous acid in fruit, 17 
Summer savory, 215 
Stmdried fruits, 14 
Sunflower oil, 168 
“Sweating” of fruits, 10 
Sweet chocolate, 172, 176 
Sweet cocoa, 173 , 176 
Swe(fl', oil, 161 
Syrup vinegar, 59, 96 

T 

Tannin (Tannic acid) (in apples), 66 
(in fruits), 13 
(in spices), 179, 193 
(oxidation of), 13 
Tarragon, 215 
Tartaric acid, 12, 27, 125 
Teel oil, 167 


Thyme, 215 
Tomato, 129, 130 
Tomato catsup, 128 et seq. 
(composition), 132 
(from spoiled fruit), 135 
(molds, yeasts, etc.), 133 
(standard), 129 
cyclone juice, 129, ISO 
pulp, 129, 131 
(rotten), 134 
Tomato seed oil, 171 
Total solids (of vinegar), 111 
Turmeric, 215, 216 

(in prepared mustard), 143 

U 

Unsaponifiable matter, 156 
V 

Vinegar, 58 et seq. 
alcohol precipitate, 124, 126 
analysis interpretation, 109 
ash, 117 

ash alkalinity, 118 
ash phosphates, 118 
(beer), 90 
(cider), 61 et seq. 
composition, 84 
interpretation, 109 
non-sugar solids, 82 
standards, 61, 83 
(coloring of), 69, 122 
(compound), 62 
(deterioration of), 59, 81, 103 
(diluted), 62 
(dried apple), 100 
Decision, 101 
eels, 103 
esters, 60, 121 
(fixed acidity), 120 
flies, 60 

from apple chops, 62 

(glucose), 58, 96 

(grape), 88 

(honey), 96 

lead precipitate, 115 

(legal chemistry of), 58 et seq. 

(malt), 90 et seq. 

(metallic contamination), 126 
(molasses), 95 
(national), 59 
(orange), 97, 98 
(peach), 100 

polarization, 109, 116, 127 
(raisin), 100 
(reduced), 62 
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particularly 


Vinegar, 

(spirit), 94, 95 
standard, 61 


(sugar), 94 
(sugars in), 112 
(syrup), 95 
(total solids of), 111 
(watermelon), 97 
(wine), 86, 89, 90 


Vitellin, 146 

Volatile ether extract, 221 


Wine. 

(peach), 99 
vinegar, 86 
composition, 89, 90 
fixed acidity, 125 

standard, 88 

Worcestershire sauce, 161 (‘t seq, 
composition, 154 
Wort (beer), 91 
(malt), 92 ^ 
fermentation, 92 


W 

Watermelons, 51 
Watermelon vinegar, 59, 97 
White wine vinegar, 89 
Wine (apple), 78 
(grape), 21, 87 
composition, 87 
standard, 87 
(orange), 98 


X 

Xylinum (Jiacieriwm), 00, 79, 81 

y 


Yeasts, 60 


Z 


Zymase, 60, 65, 75 
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